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Abstract 
The aim of this second semester project is to find out whether the pigment anthocyanin (a pigment 
responsible for the vermilion in plants) offers plants, any protection against Photoinhibition. The 
plant called Gaultheria miqueliana has been chosen to be the object of study of this project 
because it has characteristics, which are important for the beginning of the project - green and red 
leaves. The plants were exposed to different light intensities and afterwards the electron transport 
rates from different leaves were measured with the help of the chlorophyll fluorometer; and the 
colors reflected by those leaves were measured with a spectrophotometer. Anthocyanin content 
was measured in a non destructive way by using the following formula: ARI= 1/R550 -1/R700, 
where R550 and R700 mean the reflectance at 550nm and 700 nm respectively (Gitelson, et. al, 
2001). To prove that anthocyanins are present in the leaves, we have extracted them and 
measured the absorbance of anthocyanins at 530nm. The photoprotective role attributed to 
anthocyanins was weakly confirmed with graph 6, but just in young red leaves. 
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1. Introduction 
It is impossible to understand the process of Photoinhibition without understanding photosynthesis, 
which is the only biological process on Earth capable of transforming light energy into chemical 
energy. Photosynthesis is responsible for nearly all life we found on Earth today and therefore, the 
most important biological process that happens in our planet. But as any other process, 
photosynthesis can face difficulties under stress conditions, such as exposure to excess light. 
Plants have different mechanisms that can protect their photosynthetic apparatus against too much 
light exposure and the accumulation of anthocyanins in the plants could be one of them. 
Photoinhibition is a process that inhibits partially (dynamic) or fully (chronic) the work of the 
photosynthetic apparatus (mainly the Photosystem II) when the plant is exposed to excess 
amounts of light. Plants have many mechanisms that can avoid the happening of Photoinhibtion, 
including fluorescence, heat dissipation, xantophyll cycle, etc. This report investigates whether 
anthocyanin accumulation in plants is connected to protection against Photoinhibition or not. The 
role of anthocyanins is yet not clearly known and it has been related to different functions, such as 
protection against UV-B radiation; protection against herbivores; and recently, it has been 
suggested that they offer photoprotection to vegetative tissues predisposed to Photoinhibition, 
mainly because anthocyanins accumulate under exposure to excess of light (Steyn et al., 2002).  
This report examines the relationship between anthocyanins and Photoinhibition in plants from the 
Gaultheria species, called Gaultheria miqueliana. They were divided in 3 groups and each group 
was exposed to different amounts of light (100%; 50% and 10% of natural sun light). The colors of 
such plants vary from red to green. 
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2. Problem Formulation 
? The main question of this project is: 
- Does the accumulation of anthocyanins protect the plant against Photoinhibition? 
? Hypothesis: 
- Red leaves and/or red spots in green leave undergo slower Photoinhibition. 
- Young leaves are more susceptible to Photoinhibition than older ones. 
Focus: 
We are just focusing our experiment in different light intensities, having other parameters 
no importance to the accomplishment of our project. 
 
3. Semester Theme 
The second semester theme for the Basic Studies in Natural Sciences is "Models, theories and 
experiments in the natural sciences” and the objective of it is that students taking the basic 
studies in natural sciences gain some experience by working, experimenting and trying to solve a 
basic problem created by themselves. This project fulfills those requirements as we theoretical 
knowledge has been acquired through readings of scientific reports/journals and books; we have 
used a conceptual model (showed in page 14, as figure no. 8)  and we have made experiments, 
while trying to find an answer to the main question of the project. 
 
4. Aim and target group of the project 
Our common interest is biology and inspired by our supervisor Søren L. Nielsen, we have decided 
to find out about the role of anthocyanins in plants and their possible protective mechanism against 
Photoinhibition. Our target group is students and professionals that are interested in biology, more 
specifically, in botany, and that have already some background knowledge about photosynthesis 
and Photoinhibition to ease the process of understanding the report. 
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5. Theoretical part 
5.1 Chlorophyll 
All the green parts of plants have chloroplasts and the leaves of plants are the main parts of 
photosynthesis. Chloroplast is the tissue in the interior of the leaf which is mainly found in the 
mesophyll cells and chlorophyll is a kind of pigment found in chloroplasts. Chlorophyll does not 
only exist in the leaves but also in the parenchyma cell of petiole. 
The site of photosynthesis in a plant 
"Leaves are the major organs of photosynthesis in plants. Gas exchange between the mesophyll 
cells and the atmosphere occurs through microscopic pores called stomata. Chloroplasts, found 
mainly in the mesophyll cells, are bounded by two membranes that enclose the stroma, the dense 
fluid content of the chloroplast. Membranes of the thylakoid system separate the stroma from the 
thylakoid space. Thylakoids are concentrated in stacks called grana." (Campbell and Reece, 2005, 
pp. 183) 
The most active photosynthetic tissue in higher plants is the mesophyll of leaves. Mesophyll cells 
have many chloroplasts, which contain the specialized light-absorbing green pigments, the 
chlorophylls (Lincoln and Zeiger, 2006, pp.126). The existence of the chlorophyll is one of the most 
important essential conditions of photosynthesis. The chlorophyll absorbs the light and the plant 
uses the solar energy to reduce carbon dioxide and release oxygen and sugar. 
 
Chlorophyll appears green to our eyes because it absorbs light mainly in the red and blue parts of 
the spectrum, so only some of the light enriched in green wavelengths (about 550nm) is reflected 
into our eyes (Lincoln and Zeiger, 2006, pp.127). The advanced plant has two major chlorophylls, 
chlorophyll a and chlorophyll b. They are not water-soluble, but organic solvent. The color of 
chlorophyll a appears blue green; the color of chlorophyll b appears yellow green. Both of these 
two chlorophylls are very effective photoreceptors because they contain a network of alternating 
single and double bonds, and the orbital can delocalize stabilizing the structure. Such delocalized 
polyenes have very strong absorption bands in the visible regions of the spectrum, allowing the 
plant to absorb the energy from sunlight  
(http://www.chm.bris.ac.uk/motm/chlorophyll/chlorophyll_h.htm). 
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Figure 1 Source: Campbell and Reece, 2007 
 
There are four kinds of chlorophyll, a, b, c and d. Plants which can release oxygen in the 
photosynthesis has chlorophyll a. Chlorophyll b exists in advanced plants; chlorophyll c exists in 
diatom, flagellates, blown alga, while chlorophyll d is found in red alga. 
How does chlorophyll absorb light? 
Before chlorophyll absorbs light, it is in the lowest energy state -ground state. After it has absorbed 
a photon, it goes to a higher state -excited state. In the excited state, chlorophyll molecules are not 
stable. 
(Lincoln and Zeiger, 2006, pp. 127) 
hv means a photon of the light, Chl* means chlorophyll at the excited state. 
Chlorophyll gets different energies according to which wavelength they absorb. The energy of 
photons is higher when their wavelength is shorter (Lincoln and Zeiger, 2006, pp. 127). When a 
molecule of chlorophyll absorbs a photon of light, one of the molecule’s electrons is elevated to an 
orbital, and then it has more potential energy. When the electron is in the normal orbital, which 
means the molecule is in the ground state. After the photon transfer an electron to an orbital which 
has more energy, the molecule is in an excited state. When isolated chlorophyll molecules absorb 
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light, their excited electrons drop back down to the ground-state orbital in a billionth of a second, 
releasing their excess energy as heat. (Campbell and Reece, 2005, pp.188) 
 
Figure 2. Source: http://www.chm.bris.ac.uk/motm/chlorophyll/chlorophyll_h.htm 
 
 
Figure 3. Source: Campbell and Reece, 2005, pp189 
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5.2 Anthocyanins 
Anthocyanins function in green vegetative tissue has always been a very difficult issue which left a 
lot of questions unanswered. But in the last decade our understanding of anthocyanins and its 
molecular control has been greatly improved and new research is still improving it today.   
Anthocyanins are water-soluble pigments belonging to a group of flavonoids which are a group of 
naturally occurring phenolic compounds where many are plant pigments. Anthocyanins are in most 
cases found in or just below the upper epidermis of the leave in all plant tissue throughout the plant 
kingdom (Chalker-Scott, L, 1999). They are responsible for the attractive colors ranging from pink 
and violet to purple and blue in most fruits, flower petals and leaves, but are also seen in roots and 
shoots.  
Almost all anthocyanins act as pH indicators in aqueous solutions. They appear red at low pH and 
colorless at high pH. So when we extract the anthocyanins from the leaves to make the 
anthocyanin concentration measurement we’ll have to lower the pH with acid (HCl) to be able to 
observe the red color. 
 
Figure 4 
Source: http://ghs.gresham.k12.or.us/science/ps/sci/ibbio/plants/pics/leafxs.gif 
“The differences between individual anthocyanins are the number of hydroxyl groups (-OH) in the 
molecule, the degree of methylation of these hydroxyl groups, the nature and number of sugars 
attached to the molecule and the position of the attachment, and the nature and number of 
aliphatic or aromatic acids attached to the sugars in the molecule.”(Mazza, G. and Miniati, E, 1993) 
Recent studies have shown that anthocyanins reduce photoinhibition and photobleching of 
chlorophyll under light stress conditions (Steyn et al., 2002). By light stress conditions we mean 
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lack of light or excess amount of light, lack of nutrients and water or too much water, too low or too 
high temperatures. 
 In one experiment with some maize genotypes it was found that at suboptimal temperatures 
anthocyanins accumulate in the illuminated leaf surface and, if the anthocyanins shade 
chloroplasts, they can as mentioned before effectively reduce the risk of photoinhibition but also 
photosynthesis. (Pietrini et al., 2002). The reason why anthocyanins reduce photosynthesis is 
because of their ability to absorb blue light and thereby compete with the light harvesting 
chlorophyll so it doesn’t get as much light energy as it would normally have. So anthocyanin 
accumulation is very expensive for the plant and it can therefore be difficult to explain why plants 
would use anthocyanins as a protective mechanism and especially when plants already have other 
ways to protect themselves.   
Plants employ multiple mechanisms to balance energy capture with energy consumption and 
dissipation, thereby preventing oxidative damage. These include tolerance mechanisms that 
regulate energy distribution and dissipation, repair mechanisms, and avoidance mechanisms that 
decrease the absorbance of light by green tissue (Steyn et al., 2002).  
 
5.3  Photosynthesis and Photoinhibition 
As mentioned in the introduction of this report, it is necessary to understand the process of 
photosynthesis in order to understand Photoinhibition as they are related to each other. 
Photosynthesis transforms light energy into chemical energy and this process can be divided into 2 
stages: the light reactions and the Calvin Cycle. Photosynthesis from eukaryotes happens in the 
chloroplasts. Those organelles have some internal membranes (thylakoids), where the pigment 
chlorophyll is found and where the light reactions take place. A column of thylakoids is called 
granum. The fluid outside the thylakoids is called stroma and it is where the Calvin cycle happens 
(Lincoln and Zeiger). The light reactions take place in two different Photosystems: Photosystem II 
(PSII or PS680) and Photosystem I (PSI or PS700). Those Photosystems are composed of a 
reaction center with a primary electron acceptor and 2 molecules of chlorophyll a; and of light-
harvesting complexes with different pigments, such as, chlorophyll a, chlorophyll b and 
carotenoids. In the reaction centers of the photosystems can be found many kinds of proteins and 
the one called D1 protein and that is located in the PSII is the most related to photoinhibition. It will 
be explained further on. PSII is situated in the grana lamellae of the thylakoid, while the PSI is 
found mostly in the stroma lamellae of the thylakoid (Lincoln and Zeiger, p.137). 
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Figure 5. Structure of a Chloroplast 
Source: http://micro.magnet.fsu.edu/cells/chloroplasts/images/chloroplastsfigure1.jpg 
 
 
The light reactions transform light energy into chemical energy, while oxidizing water and 
producing oxygen, H+ (protons) that will be used to synthesize ATP, electrons and NADPH. The 
two Photosystems work together in a noncyclic electron flow (Campbell and Reece). It starts when 
light reaches one chlorophyll a molecule from the reaction center of the PSII and excites an 
electron to the primary electron acceptor of this photosystem. Water is oxidized and produces 
electrons, H+ and oxygen, like following: 2 H2O → O2 + 4H+ + 4e- (Lincoln and Zeiger). The excited 
electron is transported to the PSI, which has a lower energy level, by an electron transport chain 
composed of an electron carrier- plastoquinone (Pq), a cytochrome b6f complex and a protein- 
plastocyanin (Pc). Because this excited electron goes to a lower energy level, it releases energy 
that will be used to synthesize ATP. In the photosystem I, an electron is, as well, excited after 
some light energy has reached a chlorophyll a molecule from the reaction center through a light-
harvesting complex; giving place to the transferred electron from PSII. Those excited electrons are 
moved to another electron transport chain, starting with a protein – Ferredoxin (Fd), reaching the 
enzyme NADP+ reductase and reducing NADP+ to NADPH. ATP and NADPH are used in the 
Calvin Cycle. 
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Figure 6. Light reactions (PSII and PSI) 
Source: http://kvhs.nbed.nb.ca/gallant/biology/photosystems.jpg 
 
 The first one is used as a source of energy and the latter, as a reducing power, to the production 
of sugar. Because Calvin Cycle uses more ATP than NADPH, a cyclic electron flow can also take 
place. In this flow, just the PSI works and no NADPH will be produced, but just ATP (Campbell and 
Reece). 
In the Calvin Cycle, ATP and NADPH will be used to produce sugar after the addition of CO2 to the 
cycle (carbon fixation). The sugar produced by this cycle is called glyceraldehydes-3-phosphate 
(G3P) and in order to produce a molecule of it, it is necessary to incorporate 3 times, a molecule of 
CO2 to the sugar RuBP. Rubisco catalyzes this first part and the cycle continues with the addition 
of 6 ATPs and 6 NADPHs to it. Six molecules of glyceraldehydes-3-phosphate (G3P) are made but 
just one is released from the cycle, as the others are needed to regenerate the CO2 acceptor 
(RuBP) with the help of 3 molecules of ATP. 
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Figure 7. Calvin Cycle 
Source: http://www.daviddarling.info/images/Calvin_cycle.jpg 
The photosystems can face problems when they are exposed to too much light and therefore they 
have some mechanisms to protect them under such a stress condition. Excess of light can be 
combated by different mechanisms that happen according to the intensity of the excess light. 
Those mechanisms can be seen below in Figure 8. 
Plant can try to protect the photosystems from too much light and avoid photoinhibition, by 
dissipating energy in form of heat. If heat dissipation can’t cope with protecting the photosynthetic 
apparatus and, toxic species, like superoxide (O2-), singlet oxygen (1O2*) and hydrogen peroxide 
(H2O2), start to be produced through the joint of excited chlorophyll and molecules of oxygen, other 
protective mechanisms are needed. Carotenoids suppress the excited state of chlorophyll and 
releases energy as heat. Xanthophylls (violaxanthin, antheraxanthin and zeaxanthin), which are, 
as well, carotenoids, have a protective role when the photosynthetic apparatus is exposed to too 
much light. This cycle converts violaxanthin into zeaxanthin under high light, and large amounts of 
zeaxanthin retards the damage of the D1 protein (Alves et. al, 2002). The next protective step 
under too much light is the dynamic photoinhibition. This kind of photoinhibition is related to the 
amount of excess of light that the photosynthetic apparatus can tolerate without suffering a total 
damage of the PSII, or more precisely, the total damage of the protein D1. Dynamic photoinhibition 
happens in periods of the day when plants face too much light, like midday. If the exposure to 
excess of light is extreme and the dynamic photoinhibition is incapable of offering a total protection 
to the photosynthetic apparatus, chronic photoinhibition will happen and it is a sign for failure in the 
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process of protecting the plant against too much light. In this photoinhibition, the extreme excess of 
light leads to the damage of the D1 protein in the PSII and it will take some time until the D1 
protein is repaired. Mechanisms that can protect against photoinhibition must exist and 
anthocyanins can be one of them (Lincoln and Zeiger).  
 
 
Figure 8. Protective mechanism in steps until Chronic Photoinhibition 
Source: Plant Physiology, pp. 151 
 
Plants might have some structural mechanisms to offer them protection against photoinhibition, like 
change of the amount of chloroplast exposed to high lights, moving them to inner parts of the 
leaves; and/ or change of the angles to which the plants are exposed to the sun (Alves et. al, 
2002). But such mechanisms are not taken into consideration in this report. 
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6.  Empirical Part  
6.1 Materials and Methods 
6.1.1  Plants 
 
                      Figure 9. Gaultheria miqueliana 
Source: http://www.botanikos-sodas.vu.lt/gallery/album99/Gaultheria_miqueliana 
 
The plant chosen to be our object of study is originally from Japan and Eastern Asia but can be 
found in many other countries like USA and Denmark. They grow easily in moist soils under shade 
or semi shade. The reason why this plant has been chosen to be part of our project is because it 
has green and red leaves and the red leaves are signs of accumulation of anthocyanins in the 
leaves  
In our experiment we used 6 Gaultheria miqueliana plants. We divided them into three groups (two 
plants in each) in order to get more precise results. The groups were divided into vessels and they 
were under different light conditions: 100% of natural sunlight, 50% of natural sunlight and the last 
group, just 10% of sunlight. This was made by putting layers of a net on the vessels (100% of light 
got no layers on; 50% of light got 1 layer of net and 10%, 4 layers of net). The number of light 
particles was measured with equipment called quantum meter and the numbers we got, are 
showed below. 
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group1 group 2 group 3 
230 µmol/m2/s 100 µmol/m2/s 25 µmol/m2/s 
100% ≈50% ≈10% 
 
The first day of our experiments consisted of measuring the chlorophyll fluorescence and color 
intensity of the leaves; and the plants by that time were exposed to the same amount of sunlight. 
After measuring the chlorophyll fluorescence and color intensity in red and green parts of the 
leaves in the first day, we noticed that red parts did less or no photosynthesis compared to green 
parts of the leaves. Besides this young leaves also did less photosynthesis than old ones. 
The experiments were repeated after three week, after leaving the plants under the different light 
conditions mentioned above. For our measurements we took three types of leaves from each plant: 
• Young leave, which is half red and green; 
• Old leave, which is half red and green; 
• Old green leave. 
 
6.1.2  Chlorophyll Fluorescence  
When the chlorophyll in a plant leaf absorbs light energy from the sun it first and foremost uses 
the energy to drive photosynthesis. The excess amount of light energy dissipates as heat and 
some can be re-emitted as light-chlorophyll fluorescence. These tree ways of using the light 
energy is always competing with each other. So if any increase in the efficiency of one occurs it 
will result in a decrease in the yield of the other two. 
Fluorescence emission has longer wavelength than absorbed light which makes it easy to 
measure the amount of chlorophyll fluorescence although it is quite small (only 1 or 2% of total 
light absorbed)(Maxwell & Johnson, 2000). The amount of chlorophyll fluorescence can be found 
by taking a leaf from a plant and expose it to light of a defined wavelength and then measure the 
amount of light re-emitted at longer wavelength. 
The reason why we can sometimes measure a change in the fluorescence yield is because when 
“PSII absorbs light and AQ  has accepted an electron, it is not able to accept another until it has 
10%  10% 50% 50%100%  100% 
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passed the first onto a subsequent electron carrier ( BQ ). During this period, the reaction centre is 
said to be closed.”(Maxwell & Johnson, 2000) We know that when the reaction centre is closed it 
causes a reduction in the efficiency of photosynthesis and thereby an increase in the fluorescence 
yield. 
If a leaf have been kept in darkness the PSII reaction centers are progressively closed so an 
increase in the yield of chlorophyll fluorescence will happen if the leaf is suddenly exposed to light 
and after that the fluorescence level will typically starts to fall again, over a time-scale of a few 
minutes. This phenomenon is called fluorescence quenching. (Maxwell & Johnson, 2000) 
“There is an increase in the rate at which electrons are transported away from PSII: this is due 
mainly to the light-induced activation of enzymes involved in carbon metabolism and the opening 
of stomata. Such quenching is referred to as photochemical quenching. At the same time, there is 
an increase in the efficiency with which energy is converted to heat. This is termed non-
photochemical quenching.” (Maxwell & Johnson, 2000) 
To get the right results from chlorophyll fluorescence you’ll have to ‘switch off’ one of the too 
contributors to quenching. Because it is not possible to inhibit heat dissipation totally it is not 
possible to measure the chlorophyll fluorescence yield in the absence of non-photochemical 
quenching neither. So we’ll have to turn off the photochemical quenching. his is done by a so 
called ‘light doubling’ technique, “which allows the contribution of photochemical quenching to be 
transiently reduced to zero”. (Bradbury & Baker, 1981; Quick and Horton, 1984) 
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Figure 10 
Source: Maxwell and Johnson, 2000 
 
6.1.3 Colorimeter and estimation of the amount of Anthocyanins 
A non destructive method was used  to  estimate  the  amount of  anthocyanins  in  the  leaves used  in our 
experiments. This method  is based on  the measured  reflected  colors of  the  leaves  at 550nm  (R550)  and 
700nm  (R700).  This was made with  the help of  a  colorimeter  /spectrophotometer. Afterwards  the  index 
called  ARI  (Anthocyanin  Reflectance  Index)  =  R550/R700  was  used  in  other  to  calculate  the  amount  of 
anthocyanins. To diminish  the  influence  caused by  chlorophyll  in  the  reflectance  spectra of anthocyanin 
R700  was  used  as  it  depends  mostly  on  the  chlorophyll  content  of  the  leaf;  while  R550  depends  on 
anthocyanin and chlorophyll contents (Gitelson et al, 2001). According to Gitelson et al., the reflectances at 
550nm and at 700nm are enough to calculate the amount of anthocyanins in a non destructive way. 
 
This table shows the most 
common and useful 
parameters acquired with 
the chlorophyll 
fluorescence technique 
(Maxwell et al.2000). 
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6.1.4 Extraction of Chlorophyll and Anthocyanin 
In order to quantify the amount of anthocyanins and chlorophyll found on the leaves that were used 
in the previous experiments, we firstly removed the water from them by a frozen dry procedure. 
After 24 hours, they were ready to be smashed and mixed with some methanol (1 ml in the 
beginning and more was added to have proper results from the spectrophotometer).  Afterwards, 
the mixtures were filtered and by that, the solids were removed. The chlorophyll contents in 
different leaves were measured first and methanol had to be extra added to some mixtures as they 
were too concentrated. After getting the numbers from the spectrophotometer, that correspond to 
the concentration of chlorophyll and anthocyanins in the extract, we used the following formulas to 
get the concentrations of the pigments mentioned above in the leaves: 
665
189Chlorophyll
Abs V
C
nM n−
⋅= ⋅                        and                               
530
130Anthocyanins
Abs V
C
nM n−
⋅= ⋅  
A665 and A530 correspond to the absorption values that come out of the spectrophotometer. 
89 mM-1  : absorption coefficient for chlorophyll 
30 mM-1 :  absorption coefficient for anthocyanin 
 
7.  Results  
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Graph 1 
Graph 1 shows the comparison of two measurements of the anthocyanin reflectance index (ARI) in 
different leaves before (ARI 1) and after (ARI 2) the experiments. In ARI 1, the light intensity under 
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which the plants find themselves hasn’t been taken into consideration, because all the plants were 
kept in the same conditions before measurement. From ARI 1 we can say that the biggest ARI 
values are from red leaves, meaning that there are more anthocyanins in them. Then, the plants 
were grouped under different light intensities, in order to see how this kind of environmental stress 
would influence the amount of anthocyanins in the leaves. After three weeks the measurements 
took place again and the ARI values increased considerably, except in the group of plants kept 
under 50% of natural sunlight. As mentioned above, the group under 50% of sunlight had higher 
values of ARI in the first measurement. Furthermore, the red parts of young leaves had the highest 
values after the second measurement. From this graph we can conclude that the production of 
anthocyanins is bigger when the plants are submitted to extreme light stress conditions, and in our 
case it is either too much light (100%) or too little (10%). 
Graphs 2, 3 and 4 shows the relationship between PAR (photosynthetic active radiation) and ETR 
(electron transport rate) from the three groups of plants that were kept under different light stress 
conditions. From these graphs we can see the different capacities of different leaves of doing 
photosynthesis. After they reach their maximum capacities, the curves start to go down, which 
means that photoinhibition has started. 
Relationship between PAR and ETR (10% sunlight)
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Graph 2 
The leaves exposed to 10% of natural sunlight showed similar behaviors and this can be explained 
by the similar slopes that they have. The maximum ETR is higher in green leaves than in red 
leaves because the amount of  chlorophyll is bigger in the green ones. 
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Relationship between PAR and ETR (50% sunlight)
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Graph 3 
Under 50% of sunlight the red young leaves showed the earliest photoinhibition, while the green 
ones showed the highest ETRs, followed by the old half red leaf. 
Relationship between PAR and ETR (100% sunlight)
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Graph 4 
Here we can see that the green and young leaves are the most vulnerable to big excess of light. 
Consequently, they start to make photoinhibition earlier than the other ones. The old red leaf 
showed almost the same behavior (photosynthetic efficiency, maximum ETR and photoinhibition) 
as in the previous graphs. 
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Graph 5 
This graph shows the estimated amount of anthocyanins (ARI) versus the amount of anthocyanins 
that we got by extraction. The correlation coefficient is 0,435 and thereby we can see a relation 
between these two methods, meaning that we can trust the results that we have gotten from both.  
 
Graph 6 
Graph 6 was made in order to prove the validity of our first hypothesis and we found out that this 
hypothesis would only be valid for young red leaves, because we can see that the more 
anthocyanins they have, the later the photoinhibition starts. 
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8. Discussion and Conclusion 
Our experiments didn’t give full evidence that the red parts of leaves undergo photoinhibition later 
than the green ones, as we expected. Under 10% of sunlight (dark adapted plants), we expected 
the green leaves to photoinhibit earlier than the red ones, because they have smaller amounts of 
anthocyanins. But what we can see, from graph 2 is the opposite: the plants did photoinhibition 
later. Under 50%, we expected the green leaves to do higher photosynthesis, because they have 
more chlorophyll, but undergo photoinhibition earlier than the red leaves; and at the same time, we 
expected the red leaves to have less photosynthesis but to photoinhibit later. Under 100% of 
sunlight we expected that all the leaves would have a higher photosynthesis level than the ones 
showed in graphs 2 and 3, and later photoinhibition, specially the red leaves. Graph 2 would be an 
example from what we were expecting to get under 100% of light. Our unexpected results, 
especially the one from 100%, may have come from errors made by ourselves. Our hypotheses 
stated that red leaves and/or red spots in green leave undergo slower Photoinhibition and that 
young leaves are more susceptible to Photoinhibition than older ones. As far as our results show, 
we could not find any relationship between the concentration of anthocyanins and photoinhibition in 
graphs 2, 3 and 4, but in graph 6, we can find a small relationship between young red leaves and 
later photoinhibition which still is too weak to confirm our hypotheses. To improve our experiments, 
we should have chosen more specific parameters to be compared, like green and red young 
leaves versus green and red old leaves; more measurements during the project; better suited 
plants than the one we chose.  
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9.2 Appendices 
9.2.1 Chlorophyll and Anthocyanin contents 
Sample 
number 
Leave characteristics Test tube without 
leaves 
Test tube with 
leaves 
Amount of 
leaves 
Amount of methanol 
added 
1 Young and red 3,5710 g  3,5882 g  0,0172 g  3 ml 
2 Old and green 3,5750 g  3,5879 g  0,0129 g  3 ml 
3 Old red and green (red part) 3,5306 g  3,5355 g  0,0049 g  2 ml 
4 Old red and green (green 
part) 
3,5153 g  3,5166 g  0,0013 g  1 ml 
5 Young and red 3,5557 g  3,5652 g  0,0095 g  3 ml 
6 Old and green 3,5746 g  3,5948 g  0,0202 g  5 ml 
7 Old red and green (red part) 3,5546 g  3,5675 g  0,0129 g  4 ml 
8 Old red and green (green 
part) 
3,5699 g  3,5730 g  0,0031 g  1 ml 
9 Young and red 3,5116 g  3,5268 g  0,0152 g  4 ml 
10 Old and green 3,5533 g  3,5835 g  0,0302 g  6 ml 
11 Old red and green (red part) 3,5746 g  3,5942 g  0,0196 g  5 ml 
12 Old red and green (green 
part) 
3,5705 g  3,5796 g  0,0091 g  3 ml 
13 Young and red 3,5332 g  3,5505 g  0,0173 g  5 ml 
14 Old and green 3,5536 g  3,5956 g  0,042 g  8 ml 
15 Old red and green (red part) 3,5543 g  3,5708 g  0,0165 g  5 ml 
16 Old red and green (green 
part) 
3,5702 g  3,5765 g  0,0063 g  2 ml 
17 Young and red 3,5316 g  3,5472 g  0,0156 g  2 ml 
18 Old and green 3,5517 g  3,5914 g  0,0397 g  8 ml 
19 Old red and green (red part) 3,5758 g  3,5925 g  0,0167 g  6 ml 
20 Old red and green (green 
part) 
3,5161 g  3,5294 g  0,0133 g  4 ml 
21 Young and red 3,5317 g  3,5563 g  0,0246 g  5 ml 
22 Old and green 3,5721 g  3,6020 g  0,0299 g  6 ml 
23 Old red and green (red part) 3,5143 g  3,5244 g  0,0101 g  2 ml 
24 Old red and green (green 
part) 
3,5300 g  3,5415 g  0,0115 g  4 ml 
 
9.2.2 Results from the chlorophyll fluorescence technique 
 
100% old green 
Date Time No. PAR F1 F2 F3 Fm'1 Fm'2 Fm'3 Yield1 Yield2 Yield3 ETR1 ETR2 ETR3 （Fm'1-Fm1）/Fm'1 （Fm'2-Fm2）/Fm'2 （Fm'3-Fm3）/Fm'3
08-05-2007 11:23:18 1 0 0,0554 0,0495 0,0436 0,2368 0,1892 0,1858 0,766 0,738 0,765 0 0 0 0,766047297 0,738372093 0,765339074
08-05-2007 11:23:29 2 4 0,0701 0,0603 0,0559 0,2348 0,1882 0,1848 0,701 0,68 0,698 1,2 1,1 1,2 0,701448041 0,679596174 0,697510823
08-05-2007 11:23:39 3 20 0,0858 0,0735 0,0721 0,223 0,1794 0,1784 0,615 0,59 0,596 5,2 5 5 0,615246637 0,590301003 0,595852018
08-05-2007 11:23:49 4 40 0,0892 0,073 0,075 0,1652 0,1397 0,1426 0,46 0,477 0,474 7,7 8 8 0,460048426 0,477451682 0,474053296
08-05-2007 11:23:59 5 60 0,0779 0,0647 0,0652 0,1255 0,1078 0,1103 0,379 0,4 0,409 9,5 10,1 10,3 0,379282869 0,399814471 0,408884859
 
08-05-2007 
 
11:24:09 
 
6 
 
80 
 
0,0701 0,0574 0,0578 0,1069 0,0917 0,0922 0,344 0,374 0,372
 
11,6 
 
12,6 12,5 0,34424696 0,374045802 0,373101952
08-05-2007 11:24:19 7 100 0,0676 0,0554 0,0549 0,098 0,0838 0,0833 0,31 0,339 0,341 13 14,2 14,3 0,310204082 0,338902148 0,340936375
08-05-2007 11:24:29 8 135 0,0662 0,0539 0,0529 0,0931 0,0794 0,0779 0,289 0,321 0 16,4 18,2 0 0,288936627 0,32115869 0,320924262
08-05-2007 11:24:39 9 175 0,0662 0,0539 0,0525 0,0917 0,077 0,075 0,278 0 0 20,4 0 0 0,278080698 0,3 0,3
08-05-2007 11:24:49 10 225 0,0686 0,0554 0,0529 0,0917 0,075 0,073 0,251 0 0 23,8 0 0 0,251908397 0,261333333 0,275342466
08-05-2007 11:24:59 11 290 0,0711 0,0564 0,0549 0,0912 0,074 0,0711 0,22 0 0 26,8 0 0 0,220394737 0,237837838 0,227848101
08-05-2007 11:25:09 12 365 0,0735 0,0578 0,0564 0,0902 0,0725 0,0696 0,185 0 0 28,3 0 0 0,185144124 0,202758621 0,189655172
08-05-2007 11:25:19 13 460 0,0755 0,0588 0,0569 0,0912 0,0711 0,0696 0,172 0 0 33,2 0 0 0,172149123 0,172995781 0,182471264
08-05-2007 11:25:29 14 585 0,0804 0,0623 0,0598 0,0946 0,073 0,0706 0,15 0 0 36,9 0 0 0,150105708 0,146575342 0,152974504
08-05-2007 11:25:39 15 745 0,0833 0,0652 0,0627 0,0941 0,0725 0,0701 0,115 0 0 35,9 0 0 0,11477152 0,100689655 0,105563481
08-05-2007 11:25:49 16 955 0,0833 0,0652 0,0642 0,0912 0,0711 0,0696 0,086 0 0 34,5 0 0 0,086622807 0,082981716 0,077586207
08-05-2007 11:25:59 17 1210 0,0858 0,0672 0,0667 0,0902 0,0701 0,0701 0,049 0 0 24,9 0 0 0,048780488 0,041369472 0,04850214
                  0,270733591
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100% old half red 
Date Time 
No
. PAR F1 F2 F3 F4 F5 Fm'1 Fm'2 Fm'3 Fm'4 Fm'5 
Yie
ld1 
Yie
ld2 
Yie
ld3 
Yie
ld4 
Yie
ld5 
ET
R1 
ET
R2 
ET
R3 
ET
R4 
ET
R5 
（Fm'1-
Fm1）/
Fm'1 
（Fm'2-
Fm2）/
Fm'2 
（Fm'3-
Fm3）/
Fm'3 
（Fm'4-
Fm4）/
Fm'4 
（Fm'5-
Fm5）/
Fm'5 
08-05-
2007 
11:28
:44 1 0 
0,0
559 
0,059
8 
0,043
1
0,061
8
0,054
4
0,284
3
0,279
9
0,191
2
0,299
5
0,262
3
0,8
03
0,7
86 
0,7
74 
0,7
94
0,7
93 0 0 0 0 0
0,80337
6715
0,78635
2269
0,77458
159
0,79365
6093
0,79260
3889 
08-05-
2007 
11:28
:55 2 4 
0,0
721 
0,074
5 
0,054
4 0,074
0,066
2
0,281
9
0,278
4
0,188
7
0,296
1
0,259
8
0,7
44
0,7
32 
0,7
12 
0,7
5
0,7
45 1,3 1,2 1,2 1,3 1,3
0,74423
5545
0,73239
9425
0,71171
1712
0,75008
4431
0,74518
8607 
08-05-
2007 
11:29
:05 3 20 
0,0
966 
0,100
5 
0,070
6
0,110
3
0,093
6
0,272
5
0,269
6
0,180
9
0,286
3 0,25
0,6
46
0,6
27 
0,6
1 
0,6
15
0,6
25 5,4 5,3 5,1 5,2 5,3
0,64550
4587
0,62722
5519
0,60972
9132
0,61473
9783 0,6256 
08-05-
2007 
11:29
:15 4 40 
0,1
245 
0,128
4 
0,081
4
0,139
2
0,118
6
0,238
7
0,240
2
0,160
8
0,244
1
0,213
2
0,4
78
0,4
65 
0,4
94 
0,4
3
0,4
44 8 7,8 8,3 7,2 7,5
0,47842
4801
0,46544
5462
0,49378
1095
0,42974
1909
0,44371
4822 
08-05-
2007 
11:29
:25 5 60 
0,1
137 
0,121
1 
0,077
5
0,122
1
0,103
9
0,199
5
0,202
5
0,135
8 0,201 0,175
0,4
3
0,4
02 
0,4
3 
0,3
93
0,4
06
10,
8
10,
1
10,
8 9,9
10,
2
0,43007
5188
0,40197
5309
0,42930
7806
0,39253
7313
0,40628
5714 
08-05-
2007 
11:29
:35 6 80 
0,1
127 
0,121
1 
0,077
9
0,117
2 0,101 0,173 0,175
0,116
7
0,171
6
0,149
5
0,3
48
0,3
08 
0,3
32 
0,3
17
0,3
25
11,
7
10,
4
11,
2
10,
7
10,
9
0,34855
4913 0,308
0,33247
6435
0,31701
6317
0,32441
4716 
08-05-
2007 
11:29
:45 7 100 
0,1
093 
0,116
7 
0,075
5
0,110
8
0,096
1
0,157
4
0,159
8
0,103
9
0,154
9
0,134
8
0,3
05
0,2
7 
0,2
74 
0,2
85
0,2
87
12,
8
11,
3
11,
5 12
12,
1
0,30559
0851
0,26971
214
0,27333
975
0,28469
9806
0,28709
1988 
08-05-
2007 
11:29
:55 8 135 
0,1
093 
0,115
7 0,074
0,109
3
0,094
6 0,152 0,152 0,098
0,148
5
0,130
4
0,2
81
0,2
39 
0,2
45 
0,2
64
0,2
74
15,
9
13,
5
13,
9 15
15,
6
0,28092
1053
0,23881
5789
0,24489
7959
0,26397
3064
0,27453
9877 
08-05-
2007 
11:30
:05 9 175 
0,1
127 
0,119
1 0,075
0,113
2 0,098 0,15 0,15
0,095
1 0,148
0,128
9
0,2
48
0,2
06 
0,2
11 
0,2
35
0,2
4
18,
3
15,
1
15,
5
17,
3
17,
6
0,24866
6667 0,206
0,21135
6467
0,23513
5135
0,23972
0714 
08-05-
2007 
11:30
:15 10 225 
0,1
201 0,126 
0,077
9
0,121
1
0,102
9
0,152
5
0,153
4
0,095
6 0,152
0,130
9
0,2
12
0,1
79 
0,1
85 
0,2
03
0,2
13
20,
1
16,
9
17,
4
19,
2
20,
2
0,21245
9016
0,17861
7992
0,18514
6444
0,20328
9474
0,21390
3743 
08-05-
2007 
11:30
:26 11 290 
0,1
275 
0,133
8 
0,081
4
0,129
9
0,108
3
0,153
9
0,156
4
0,095
6
0,156
4
0,132
4
0,1
72
0,1
44 
0,1
49 
0,1
69
0,1
81
20,
9
17,
6
18,
1
20,
6
22,
1
0,17153
9961
0,14450
1279
0,14853
5565
0,16943
734
0,18202
4169 
08-05-
2007 
11:30
:36 12 365 
0,1
328 
0,140
2 
0,084
8
0,137
3
0,111
8
0,153
4
0,158
8
0,096
1
0,159
3
0,130
9
0,1
34
0,1
17 
0,1
17 
0,1
38
0,1
46
20,
6 18 18
21,
2
22,
4
0,13428
9439
0,11712
8463
0,11758
5848
0,13810
4206
0,14591
2911 
08-05-
2007 
11:30
:45 13 460 
0,1
353 
0,144
1 
0,086
8
0,142
2
0,113
7 0,15
0,159
3
0,096
1
0,159
8
0,128
4
0,0
98
0,0
95 
0,0
97 
0,1
1
0,1
15
18,
9
18,
4
18,
7
21,
3
22,
1 0,098
0,09541
7451
0,09677
4194
0,11013
7672
0,11448
5981 
08-05-
2007 
11:30
:56 14 585 
0,1
333 
0,145
1 
0,088
2
0,143
6
0,113
2
0,145
6
0,156
9
0,094
6
0,158
3
0,125
5
0,0
84
0,0
75 
0,0
67 
0,0
93
0,0
98
20,
7
18,
4
16,
5
22,
8 24
0,08447
8022
0,07520
7138
0,06765
3277
0,09286
1655
0,09800
7968 
08-05-
2007 
11:31
:06 15 745 
0,1
358 
0,149
5 
0,088
7 0,152
0,118
1
0,147
1
0,160
8
0,094
1
0,167
2
0,130
9
0,0
77
0,0
7 
0,0
57 
0,0
91
0,0
97 24
21,
9
17,
9
28,
4
30,
5
0,07681
8491
0,07027
3632
0,05738
576
0,09090
9091
0,09778
4568 
08-05-
2007 
11:31
:16 16 955 
0,1
466 
0,159
8 
0,092
2
0,166
2
0,128
4
0,134
8
0,147
5
0,084
3
0,153
4
0,118
6 0 0 0 0 0 0 0 0 0 0
-
0,08753
7092
-
0,08338
9831
-
0,09371
293
-
0,08344
1982
-
0,08263
0691 
08-05-
2007 
11:31
:26 17 1210 
0,1
402 
0,154
9 
0,091
2
0,154
4
0,119
1
0,142
2
0,157
8
0,092
2
0,158
3
0,122
5 0 0 0 0 0 0 0 0 0 0
0,01406
4698
0,01837
7693
0,01084
5987
0,02463
6766
0,02775
5102 
                          
0,08128
8772  
0,09434
683 
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100% young red 
Date Time No. PAR F1 F2 F3 Fm'1 Fm'2 Fm'3 Yield1 Yield2 Yield3 ETR1 ETR2 ETR3 （Fm'1-Fm1）/Fm'1 （Fm'2-Fm2）/Fm'2 （Fm'3-Fm3）/Fm'3
08-05-2007 11:18:27 1 0 0,026 0,0422 0,0275 0,0985 0,1828 0,1054 0,736 0,769 0,74 0 0 0 0,736040609 0,769146608 0,739089184
08-05-2007 11:18:39 2 4 0,0324 0,0544 0,0338 0,098 0,1819 0,1049 0,67 0,701 0,678 1,1 1,2 1,1 0,669387755 0,700934579 0,67778837
08-05-2007 11:18:49 3 20 0,0407 0,0716 0,0436 0,0931 0,175 0,101 0,563 0,591 0,568 4,7 5 4,8 0,562835661 0,590857143 0,568316832
08-05-2007 11:18:59 4 40 0,0382 0,0716 0,0426 0,0745 0,1431 0,0873 0 0,5 0,511 0 8,4 8,6 0,487248322 0,499650594 0,512027491
08-05-2007 11:19:09 5 60 0,0353 0,0652 0,0392 0,0593 0,1147 0,0711 0 0,432 0 0 10,9 0 0,404721754 0,431560593 0,448663854
08-05-2007 11:19:19 6 80 0,0333 0,0603 0,0368 0,0505 0,0975 0,0608 0 0,382 0 0 12,8 0 0,340594059 0,381538462 0,394736842
08-05-2007 11:19:29 7 100 0,0319 0,0583 0,0353 0,0461 0,0902 0,0549 0 0,353 0 0 14,8 0 0,30802603 0,353658537 0,35701275
08-05-2007 11:19:39 8 135 0,0319 0,0588 0,0358 0,0446 0,0868 0,052 0 0,322 0 0 18,3 0 0,284753363 0,322580645 0,311538462
08-05-2007 11:19:49 9 175 0,0324 0,0593 0,0358 0,0431 0,0848 0,051 0 0,301 0 0 22,1 0 0,248259861 0,300707547 0,298039216
08-05-2007 11:19:59 10 225 0,0333 0,0603 0,0363 0,0431 0,0843 0,05 0 0,285 0 0 26,9 0 0,22737819 0,284697509 0,274
08-05-2007 11:20:09 11 290 0,0338 0,0632 0,0373 0,0397 0,0784 0,0456 0 0 0 0 0 0 0,14861461 0,193877551 0,182017544
08-05-2007 11:20:19 12 365 0,0348 0,0652 0,0377 0,0417 0,0828 0,048 0 0,213 0 0 32,7 0 0,165467626 0,212560386 0,214583333
08-05-2007 11:20:29 13 460 0,0358 0,0672 0,0382 0,0422 0,0824 0,0475 0 0,185 0 0 35,6 0 0,151658768 0,184466019 0,195789474
08-05-2007 11:20:39 14 585 0,0363 0,0696 0,0397 0,0412 0,0828 0,0471 0 0,16 0 0 39,3 0 0,118932039 0,15942029 0,157112527
08-05-2007 11:20:49 15 745 0,0377 0,073 0,0417 0,0412 0,0828 0,0466 0 0,118 0 0 37 0 0,084951456 0,118357488 0,105150215
08-05-2007 11:20:59 16 955 0,0382 0,075 0,0426 0,0407 0,0828 0,0461 0 0,095 0 0 38 0 0,061425061 0,094202899 0,075921909
08-05-2007 11:21:09 17 1210 0,0387 0,077 0,0431 0,0407 0,0833 0,0456 0 0,076 0 0 38,9 0 0,049140049 0,075630252 0,054824561
                  0,411427814
 
 
 
 
 
 
Does the accumulation of anthocyanins protect the plant against Photoinhibition? 
30 
100% old green 
Date Time No. PAR F1 F2 F3 Fm'1 Fm'2 Fm'3 Yield1 Yield2 Yield3 ETR1 ETR2 ETR3 （Fm'1-Fm1）/Fm'1 （Fm'2-Fm2）/Fm'2 （Fm'3-Fm3）/Fm'3
08-05-2007 11:07:39 1 0 0,0422 0,0431 0,0358 0,2152 0,2186 0,1838 0,804 0,803 0,805 0 0 0 0,803903346 0,802836231 0,805223069
08-05-2007 11:07:50 2 4 0,05 0,0515 0,0431 0,2078 0,2113 0,1775 0,759 0,756 0,757 1,3 1,3 1,3 0,759384023 0,756270705 0,757183099
08-05-2007 11:08:00 3 20 0,0574 0,0618 0,0495 0,2029 0,2039 0,1745 0,717 0,697 0,716 6 5,9 6 0,717102021 0,69691025 0,716332378
08-05-2007 11:08:10 4 40 0,0652 0,0652 0,0549 0,1608 0,148 0,1382 0,595 0,56 0,603 10 9,4 10,1 0,594527363 0,559459459 0,602749638
08-05-2007 11:08:20 5 60 0,0593 0,0574 0,0505 0,1181 0,1088 0,1025 0,498 0,473 0,507 12,5 11,9 12,8 0,49788315 0,472426471 0,507317073
08-05-2007 11:08:30 6 80 0,0529 0,0515 0,0456 0,099 0,0912 0,0863 0,465 0,435 0,472 15,6 14,6 15,8 0,465656566 0,435307018 0,47161066
08-05-2007 11:08:40 7 100 0,0505 0,0495 0,0436 0,0853 0,0789 0,0745 0,408 0,373 0 17,1 15,7 0 0,407971864 0,372623574 0,414765101
08-05-2007 11:08:50 8 135 0,049 0,0471 0,0422 0,0779 0,073 0,0686 0 0 0 0 0 0 0,370988447 0,354794521 0,38483965
08-05-2007 11:09:00 9 175 0,0485 0,0466 0,0417 0,074 0,0691 0,0647 0 0 0 0 0 0 0,344594595 0,325615051 0,355486862
08-05-2007 11:09:11 10 225 0,0485 0,0471 0,0422 0,0716 0,0672 0,0623 0 0 0 0 0 0 0,322625698 0,299107143 0,322632424
08-05-2007 11:09:21 11 290 0,0495 0,048 0,0426 0,0686 0,0652 0,0598 0 0 0 0 0 0 0,278425656 0,263803681 0,287625418
08-05-2007 11:09:31 12 365 0,0505 0,0485 0,0431 0,0676 0,0637 0,0578 0 0 0 0 0 0 0,25295858 0,238618524 0,25432526
08-05-2007 11:09:41 13 460 0,052 0,05 0,0446 0,0662 0,0627 0,0564 0 0 0 0 0 0 0,214501511 0,202551834 0,209219858
08-05-2007 11:09:51 14 585 0,0534 0,052 0,0456 0,0652 0,0618 0,0554 0 0 0 0 0 0 0,180981595 0,158576052 0,176895307
08-05-2007 11:10:01 15 745 0,0559 0,0539 0,0475 0,0657 0,0618 0,0549 0 0 0 0 0 0 0,149162861 0,127831715 0,134790528
08-05-2007 11:10:11 16 955 0,0588 0,0564 0,0495 0,0657 0,0618 0,0549 0 0 0 0 0 0 0,105022831 0,087378641 0,098360656
08-05-2007 11:10:21 17 1210 0,0608 0,0588 0,0505 0,0662 0,0623 0,0544 0 0 0 0 0 0 0,081570997 0,056179775 0,071691176
                 0,390297719 0,47161066
 
 
 
 
 
 
Does the accumulation of anthocyanins protect the plant against Photoinhibition? 
31 
100% old half red 
Date Time No. PAR F1 F2 F3 F4 Fm'1 Fm'2 Fm'3 Fm'4 Yield1 Yield2 Yield3 Yield4 ETR1 ETR2 ETR3 ETR4
（Fm'1-
Fm1）/F
m'1 
（Fm'2-
Fm2）/Fm'
2 
（Fm'3-
Fm3）/Fm'
3 
（Fm'4-
Fm4）/Fm'
4 
08-05-
2007 
11:13
:13 1 0 0,0343 0,0304 0,0608 0,0564 0,1387 0,1216 0,3152 0,3064 0,753 0,75 0,807 0,816 0 0 0 0
0,752703
677 0,75
0,8071065
99
0,8159268
93 
08-05-
2007 
11:13
:24 2 4 0,0382 0,0343 0,0721 0,073 0,1343 0,1186 0,3069 0,302 0,715 0,711 0,765 0,758 1,2 1,2 1,3 1,3
0,715562
174
0,7107925
8
0,7650700
55
0,7582781
46 
08-05-
2007 
11:13
:34 3 20 0,052 0,0461 0,1088 0,1049 0,1279 0,1137 0,2917 0,2892 0,594 0,595 0,627 0,637 5 5 5,3 5,4
0,593432
369
0,5945470
54
0,6270140
56
0,6372752
42 
08-05-
2007 
11:13
:44 4 40 0,051 0,0466 0,1255 0,1265 0,1039 0,0956 0,2319 0,2412 0,509 0,513 0,459 0,476 8,6 8,6 7,7 8
0,509143
407
0,5125523
01
0,4588184
56
0,4755389
72 
08-05-
2007 
11:13
:54 5 60 0,0456 0,0426 0,1078 0,1123 0,0804 0,0745 0,1721 0,1819 0,433 0 0,373 0,383 10,9 0 9,4 9,6
0,432835
821
0,4281879
19
0,3736199
88
0,3826278
17 
08-05-
2007 
11:14
:04 6 80 0,0397 0,0377 0,0902 0,0951 0,0652 0,0618 0,1377 0,1441 0 0 0,345 0,34 0 0 11,6 11,4
0,391104
294
0,3899676
38
0,3449527
96
0,3400416
38 
08-05-
2007 
11:14
:14 7 100 0,0373 0,0353 0,0814 0,0848 0,0564 0,0534 0,1172 0,1225 0 0 0,305 0,308 0 0 12,8 12,9
0,338652
482
0,3389513
11
0,3054607
51
0,3077551
02 
08-05-
2007 
11:14
:24 8 135 0,0353 0,0333 0,077 0,0775 0,0495 0,0466 0,1059 0,1088 0 0 0,273 0,288 0 0 15,5 16,3
0,286868
687
0,2854077
25
0,2728989
61
0,2876838
24 
08-05-
2007 
11:14
:34 9 175 0,0338 0,0314 0,076 0,075 0,0456 0,0422 0,102 0,1025 0 0 0,255 0,268 0 0 18,7 19,7
0,258771
93
0,2559241
71
0,2549019
61
0,2682926
83 
08-05-
2007 
11:14
:44 10 225 0,0333 0,0304 0,077 0,075 0,0417 0,0392 0,099 0,0985 0 0 0,223 0,239 0 0 21,1 22,6
0,201438
849
0,2244897
96
0,2222222
22
0,2385786
8 
08-05-
2007 
11:14
:54 11 290 0,0338 0,0304 0,0809 0,0779 0,0402 0,0368 0,1 0,098 0 0 0,191 0,205 0 0 23,3 25
0,159203
98
0,1739130
43 0,191
0,2051020
41 
08-05-
2007 
11:15
:04 12 365 0,0333 0,0304 0,0853 0,0814 0,0392 0,0353 0,1029 0,098 0 0 0,171 0,17 0 0 26,3 26,1
0,150510
204
0,1388101
98
0,1710398
45
0,1693877
55 
08-05-
2007 
11:15
:14 13 460 0,0343 0,0304 0,0912 0,0858 0,0387 0,0348 0,1064 0,1025 0 0 0,143 0,163 0 0 27,6 31,4
0,113695
09
0,1264367
82
0,1428571
43
0,1629268
29 
08-05-
2007 
11:15
:24 14 585 0,0348 0,0309 0,0985 0,0926 0,0387 0,0343 0,1108 0,1064 0 0 0,111 0,129 0 0 27,2 31,7
0,100775
194
0,0991253
64
0,1110108
3
0,1296992
48 
08-05-
2007 
11:15
:34 15 745 0,0353 0,0314 0,1039 0,099 0,0382 0,0333 0,1142 0,1093 0 0 0,09 0,094 0 0 28,2 29,5
0,075916
23
0,0570570
57
0,0901926
44
0,0942360
48 
08-05-
2007 
11:15
:44 16 955 0,0358 0,0319 0,1093 0,1054 0,0377 0,0328 0,1172 0,1137 0 0 0,067 0,073 0 0 26,9 29,4
0,050397
878
0,0274390
24
0,0674061
43
0,0729991
2 
 
08-05-
2007 
 
11:15
:54 
 
17 
 
1210 
 
0,0368 
 
0,0324 0,1172 0,1127 0,0373 0,0328 0,1206 0,1196 0 0
 
0 0,057 0 0 0 29,2
0,013404
826
0,0121951
22
0,0281923
71
 
0,0576923
08 
                     
0,4726940
61  
0,1099459
46 
 
 
 
Does the accumulation of anthocyanins protect the plant against Photoinhibition? 
32 
100% young half red 
Date Time No. PAR F1 F2 F3 F4 Fm'1 Fm'2 Fm'3 Fm'4 Yield1 Yield2 Yield3 Yield4 ETR1 ETR2 ETR3 ETR4 （Fm'1-Fm1）/Fm'1
（Fm'2-
Fm2）/Fm'
2 
（Fm'3-
Fm3）/Fm'
3 
（Fm'4-
Fm4）/Fm'
4 
07.05
.08 
10:56
:20 1 0 0,0333 0,0338 0,051 0,05 0,1559 0,1505 0,2299 0,2402 0,786 0,775 0,778 0,792 0 0 0 0 0,786401539
0,7754152
82
0,7781644
19
0,7918401
33 
07.05
.08 
10:56
:32 2 4 0,0426 0,0417 0,0627 0,0618 0,152 0,148 0,2245 0,2338 0,719 0,719 0,721 0,736 1,2 1,2 1,2 1,2 0,719736842
0,7182432
43
0,7207126
95
0,7356715
14 
07.05
.08 
10:56
:42 3 20 0,0554 0,0544 0,0789 0,077 0,1475 0,1436 0,2152 0,223 0,625 0,621 0,633 0,655 5,2 5,2 5,3 5,5 0,62440678
0,6211699
16
0,6333643
12
0,6547085
2 
07.05
.08 
10:56
:52 4 40 0,0539 0,0529 0,075 0,074 0,1216 0,1181 0,1588 0,1549 0,556 0,552 0,528 0,522 9,3 9,3 8,9 8,8 0,556743421
0,5520745
13
0,5277078
09
0,5222724
34 
07.05
.08 
10:57
:02 5 60 0,0466 0,0451 0,0627 0,0608 0,0912 0,0892 0,1176 0,1127 0,489 0,495 0,467 0,461 12,3 12,5 11,8 11,6 0,489035088
0,4943946
19
0,4668367
35
0,4605146
41 
07.05
.08 
10:57
:12 6 80 0,0392 0,0382 0,0544 0,0534 0,073 0,0706 0,0946 0,0926 0 0 0,425 0,423 0 0 14,3 14,2 0,463013699
0,4589235
13
0,4249471
46
0,4233261
34 
07.05
.08 
10:57
:22 7 100 0,0363 0,0348 0,0505 0,0505 0,0608 0,0583 0,0799 0,0799 0 0 0,368 0,368 0 0 15,5 15,5 0,402960526
0,4030874
79
0,3679599
5
0,3679599
5 
07.05
.08 
10:57
:32 8 135 0,0338 0,0324 0,0475 0,0485 0,0539 0,0505 0,0721 0,0735 0 0 0 0 0 0 0 0 0,372912801
0,3584158
42
0,3411927
88
0,3401360
54 
07.05
.08 
10:57
:42 9 175 0,0328 0,0309 0,0471 0,0475 0,049 0,0461 0,0662 0,0696 0 0 0 0 0 0 0 0 0,330612245
0,3297180
04
0,2885196
37
0,3175287
36 
07.05
.08 
10:57
:52 10 225 0,0319 0,0304 0,0461 0,0475 0,0461 0,0426 0,0618 0,0667 0 0 0 0 0 0 0 0 0,30802603
0,2863849
77
0,2540453
07
0,2878560
72 
07.05
.08 
10:58
:02 11 290 0,0314 0,0299 0,0466 0,048 0,0431 0,0407 0,0603 0,0647 0 0 0 0 0 0 0 0 0,271461717
0,2653562
65
0,2271973
47
0,2581143
74 
07.05
.08 
10:58
:12 12 365 0,0314 0,0299 0,0466 0,0485 0,0407 0,0373 0,0583 0,0618 0 0 0 0 0 0 0 0 0,228501229
0,1983914
21
0,2006861
06
0,2152103
56 
07.05
.08 
10:58
:22 13 460 0,0319 0,0299 0,0471 0,049 0,0397 0,0363 0,0564 0,0608 0 0 0 0 0 0 0 0 0,196473552
0,1763085
4
0,1648936
17
0,1940789
47 
07.05
.08 
10:58
:32 14 585 0,0319 0,0299 0,048 0,0505 0,0373 0,0348 0,0554 0,0598 0 0 0 0 0 0 0 0 0,144772118
0,1408045
98
0,1335740
07
0,1555183
95 
07.05
.08 
10:58
:42 15 745 0,0324 0,0304 0,049 0,052 0,0368 0,0338 0,0539 0,0598 0 0 0 0 0 0 0 0 0,119565217
0,1005917
16
0,0909090
91
0,1304347
83 
07.05
.08 
10:58
:52 16 955 0,0333 0,0309 0,05 0,0539 0,0358 0,0333 0,0544 0,0598 0 0 0 0 0 0 0 0 0,069832402
0,0720720
72
0,0808823
53
0,0986622
07 
07.05
.08 
10:59
:02 17 1210 0,0338 0,0319 0,051 0,0559 0,0353 0,0324 0,0539 0,0598 0 0 0 0 0 0 0 0 0,042492918
0,0154320
99
0,0538033
4
0,0652173
91 
                     0,491714854  0,36795995 
 
 
 
Does the accumulation of anthocyanins protect the plant against Photoinhibition? 
33 
10% old green 
Date Time No. PAR F1 F2 F3 Fm'1 Fm'2 Fm'3 Yield1 Yield2 Yield3 ETR1 ETR2 ETR3 （Fm'1-Fm1）/Fm'1 （Fm'2-Fm2）/Fm'2 （Fm'3-Fm3）/Fm'3  
08-05-2007 12:22:45 1 0 0,0642 0,0627 0,0574 0,3074 0,3059 0,2838 0,791 0,795 0,798 0 0 0 0,791151594 0,795031056 0,797744891  
08-05-2007 12:22:56 2 4 0,0725 0,0716 0,0676 0,3005 0,3005 0,2775 0,759 0,762 0,756 1,3 1,3 1,3 0,758735441 0,761730449 0,756396396  
08-05-2007 12:23:06 3 20 0,1137 0,1108 0,1025 0,2907 0,2931 0,2686 0,609 0,622 0,619 5,1 5,2 5,2 0,608875129 0,621972023 0,61839166  
08-05-2007 12:23:16 4 40 0,1402 0,1397 0,1299 0,2549 0,2618 0,2358 0,45 0,466 0,449 7,6 7,8 7,5 0,449980384 0,466386555 0,449109415  
08-05-2007 12:23:26 5 60 0,1279 0,1289 0,1216 0,2191 0,2265 0,2049 0,416 0,431 0,407 10,5 10,9 10,2 0,416248288 0,430905077 0,406539776  
08-05-2007 12:23:36 6 80 0,1142 0,1152 0,1088 0,1951 0,2025 0,1858 0,415 0,431 0,414 13,9 14,5 13,9 0,414659149 0,431111111 0,414424112  
08-05-2007 12:23:46 7 100 0,1132 0,1147 0,1088 0,1838 0,1907 0,1775 0,384 0,398 0,387 16,1 16,7 16,2 0,384113166 0,398531725 0,387042254  
08-05-2007 12:23:56 8 135 0,1162 0,1167 0,1127 0,1784 0,1858 0,1765 0,349 0,372 0,361 19,8 21,1 20,5 0,348654709 0,371905274 0,361473088  
08-05-2007 12:24:06 9 175 0,1216 0,1225 0,1191 0,1775 0,1848 0,1765 0,315 0,337 0,325 23,1 24,8 23,9 0,314929577 0,337121212 0,325212465  
08-05-2007 12:24:16 10 225 0,1289 0,1304 0,1279 0,1779 0,1853 0,1784 0,275 0,296 0,283 26 28 26,7 0,275435638 0,296276309 0,283071749  
08-05-2007 12:24:26 11 290 0,1373 0,1397 0,1363 0,1784 0,1858 0,1799 0,231 0,248 0,243 28,1 30,2 29,5 0,230381166 0,248116254 0,242356865  
08-05-2007 12:24:36 12 365 0,1422 0,1456 0,1422 0,177 0,1848 0,1799 0,197 0,212 0,21 30,2 32,5 32,2 0,196610169 0,212121212 0,209560867  
08-05-2007 12:24:46 13 460 0,148 0,1529 0,1485 0,1755 0,1848 0,1784 0,156 0,172 0,168 30,2 33,3 32,4 0,156695157 0,172619048 0,167600897  
08-05-2007 12:24:56 14 585 0,1544 0,1598 0,1534 0,1755 0,1853 0,1775 0,12 0,138 0,135 29,5 33,8 33,3 0,12022792 0,137614679 0,135774648  
08-05-2007 12:25:06 15 745 0,1559 0,1637 0,1554 0,1745 0,1848 0,1745 0,107 0,114 0,11 33,4 35,7 34,3 0,106590258 0,114177489 0,109455587  
08-05-2007 12:25:16 16 955 0,1593 0,1676 0,1574 0,1691 0,1799 0,1672 0,058 0,068 0,059 23,3 27,3 23,5 0,057953873 0,068371317 0,05861244  
08-05-2007 12:25:26 17 1210 0,1559 0,1662 0,1534 0,1627 0,1735 0,1613 0,042 0,042 0,049 21,4 21,5 24,7 0,041794714 0,042074928 0,048977061  
                  0,110074445  
 
 
 
 
 
 
Does the accumulation of anthocyanins protect the plant against Photoinhibition? 
34 
10% old half red 
Date Time 
No
. 
PA
R F1 F2 F3 F4 F5 Fm'1 Fm'2 Fm'3 Fm'4 Fm'5 
Yie
ld1 
Yie
ld2 
Yie
ld3 
Yie
ld4 
Yie
ld5 
ET
R1 
ET
R2 
ET
R3 
ET
R4 
ET
R5 
（Fm'1-
Fm1）/
Fm'1 
（Fm'2-
Fm2）/
Fm'2 
（Fm'3-
Fm3）/
Fm'3 
（Fm'4-
Fm4）/
Fm'4 
（Fm'5-
Fm5）/
Fm'5 
08-05-
2007 
12:27
:28 1 0 0,048 
0,062
7 
0,070
1
0,068
1
0,082
4
0,208
8
0,292
6
0,317
6
0,297
5
0,368
1
0,7
7
0,7
86 
0,7
79 
0,7
71
0,7
76 0 0 0 0 0
0,77011
4943
0,78571
4286
0,77928
2116
0,77109
2437
0,77614
7786 
08-05-
2007 
12:27
:39 2 4 
0,054
9 
0,077
9 
0,080
9
0,077
9
0,093
1
0,207
4
0,290
7
0,315
7
0,296
1
0,365
2
0,7
35
0,7
32 
0,7
44 
0,7
37
0,7
45 1,2 1,2 1,2 1,2 1,3
0,73529
4118
0,73202
6144
0,74374
4061
0,73691
3205
0,74507
1194 
08-05-
2007 
12:27
:49 3 20 0,077 
0,104
4 
0,114
2
0,110
3
0,134
3
0,200
5
0,283
3
0,306
9
0,286
3
0,354
9
0,6
16
0,6
31 
0,6
28 
0,6
15
0,6
22 5,2 5,3 5,3 5,2 5,2
0,61596
01
0,63148
6057
0,62789
1821
0,61473
9783
0,62158
3545 
08-05-
2007 
12:27
:59 4 40 
0,098
5 
0,137
7 
0,155
9
0,145
6
0,186
8
0,185
3
0,265
2
0,284
8
0,264
2
0,329
9
0,4
68
0,4
81 
0,4
53 
0,4
49
0,4
34 7,9 8,1 7,6 7,5 7,3
0,46842
9574
0,48076
9231
0,45259
8315
0,44890
2347
0,43376
7808 
08-05-
2007 
12:28
:09 5 60 
0,106
4 
0,153
9 
0,166
2
0,155
4 0,199
0,167
2
0,242
6
0,256
9
0,238
2
0,300
5
0,3
64
0,3
66 
0,3
53 
0,3
48
0,3
38 9,2 9,2 8,9 8,8 8,5
0,36363
6364
0,36562
2424
0,35305
5664
0,34760
7053
0,33777
0383 
08-05-
2007 
12:28
:19 6 80 
0,104
4 
0,151
5 
0,157
4 0,148
0,188
2
0,152
5 0,224
0,232
4
0,216
2
0,274
5
0,3
15
0,3
24 
0,3
23 
0,3
15
0,3
14
10,
6
10,
9
10,
8
10,
6
10,
6
0,31540
9836
0,32366
0714
0,32271
9449
0,31544
8659
0,31438
98 
08-05-
2007 
12:28
:29 7 
10
0 
0,103
4 0,149 
0,150
5
0,142
6
0,179
9
0,142
2
0,209
8
0,212
3
0,199
5
0,252
5
0,2
72
0,2
9 
0,2
91 
0,2
85
0,2
87
11,
4
12,
2
12,
2 12
12,
1
0,27285
5134
0,28979
9809
0,29109
7504
0,28521
3033
0,28752
4752 
08-05-
2007 
12:28
:39 8 
13
5 
0,102
5 0,148 
0,146
1
0,139
7
0,173
5
0,136
8 0,2 0,199
0,188
2
0,234
3
0,2
51
0,2
6 
0,2
66 
0,2
58
0,2
59
14,
2
14,
7
15,
1
14,
6
14,
7
0,25073
0994 0,26
0,26582
9146
0,25770
457
0,25949
6372 
08-05-
2007 
12:28
:49 9 
17
5 
0,104
4 
0,152
5 
0,147
1
0,141
2 0,174
0,133
3
0,196
1
0,189
7
0,181
9
0,222
5
0,2
17
0,2
22 
0,2
25 
0,2
24
0,2
18
15,
9
16,
4
16,
5
16,
4 16
0,21680
4201
0,22233
5543
0,22456
5103
0,22374
9313
0,21797
7528 
08-05-
2007 
12:28
:59 10 
22
5 
0,107
4 
0,157
4 
0,147
5
0,143
1
0,173
5
0,129
9
0,193
6
0,180
4 0,176
0,213
2
0,1
74
0,1
87 
0,1
82 
0,1
87
0,1
86
16,
4
17,
7
17,
2
17,
6
17,
6
0,17321
0162
0,18698
3471
0,18237
2506
0,18693
1818
0,18621
0131 
08-05-
2007 
12:29
:09 11 
29
0 
0,108
8 
0,162
3 
0,147
1
0,144
6
0,173
5
0,126
5
0,190
2 0,173
0,171
6
0,204
4
0,1
4
0,1
47 
0,1
5 
0,1
57
0,1
51 17
17,
9
18,
3
19,
1
18,
4
0,13992
0949
0,14668
7697
0,14971
0983
0,15734
2657
0,15117
4168 
08-05-
2007 
12:29
:19 12 
36
5 
0,108
8 
0,163
2 
0,146
1
0,146
1 0,174
0,121
6
0,183
8
0,165
7
0,167
2
0,198
5
0,1
05
0,1
12 
0,1
18 
0,1
26
0,1
23
16,
1
17,
2
18,
1
19,
3
18,
9
0,10526
3158
0,11207
8346
0,11828
6059
0,12619
6172
0,12342
5693 
08-05-
2007 
12:29
:29 13 
46
0 
0,106
4 
0,160
8 
0,144
6
0,146
6
0,173
5
0,115
7 0,175
0,158
3
0,163
2
0,192
2
0,0
81
0,0
81 
0,0
87 
0,1
02
0,0
97
15,
6
15,
7
16,
7
19,
7
18,
7
0,08038
0294
0,08114
2857
0,08654
4536
0,10171
5686
0,09729
4485 
08-05-
2007 
12:29
:39 14 
58
5 
0,104
9 
0,154
9 
0,143
1
0,146
6
0,172
5
0,111
3
0,163
7
0,152
9
0,158
3
0,185
8
0,0
57
0,0
54 
0,0
64 
0,0
74
0,0
71
14,
1
13,
2
15,
8
18,
3
17,
5
0,05750
2246
0,05375
6872
0,06409
4179
0,07391
0297
0,07158
2347 
08-05-
2007 
12:29
:49 15 
74
5 
0,102
5 
0,148
5 
0,141
7
0,145
1
0,170
6
0,106
4
0,154
4 0,148
0,153
4
0,179
9 0
0,0
38 
0,0
43 
0,0
54
0,0
52 0
11,
9
13,
5 17
16,
2
0,03665
4135
0,03821
2435
0,04256
7568
0,05410
691
0,05169
5386 
08-05-
2007 
12:29
:59 16 
95
5 0,1 
0,143
6 
0,139
2
0,143
1
0,167
6
0,102
9
0,146
6
0,143
1 0,148
0,173
5 0 0 0 
0,0
33
0,0
34 0 0 0
13,
3
13,
6
0,02818
2702
0,02046
3847
0,02725
3669
0,03310
8108
0,03400
5764 
08-05-
2007 
12:30
:09 17 
12
10 
0,097
5 
0,139
2 
0,135
8
0,139
2
0,163
7
0,099
5
0,139
7
0,138
2
0,141
2
0,167
2 0 0 0 0 0 0 0 0 0 0
0,02010
0503
0,00357
9098
0,01736
6136
0,01416
4306
0,02093
3014 
                         
0,14330
4323   
0,11257
0689 
 
 
 
Does the accumulation of anthocyanins protect the plant against Photoinhibition? 
35 
10% young half red 
Date Time 
No
. 
PA
R F1 F2 F3 F4 Fm'1 Fm'2 Fm'3 Fm'4 Yield1 Yield2 Yield3 Yield4 ETR1 ETR2 ETR3 ETR4
（Fm'1-
Fm1）/F
m'1 
（Fm'2-
Fm2）/Fm'
2 
（Fm'3-
Fm3）/Fm'
3 
（Fm'4-
Fm4）/
Fm'4 
08-05-
2007 
12:17
:45 1 0 
0,056
9 
0,042
2 
0,044
6
0,054
9
0,275
5 0,1971 0,2118 0,2765 0,794 0,786 0,789 0,801 0 0 0 0
0,793466
425
0,7858954
85
0,7894239
85
0,80144
6655 
08-05-
2007 
12:17
:56 2 4 
0,067
6 0,05 
0,053
9
0,066
7
0,271
6 0,1951 0,2093 0,2725 0,751 0,744 0,742 0,755 1,3 1,2 1,2 1,3
0,751104
566
0,7437211
69
0,7424749
16
0,75522
9358 
08-05-
2007 
12:18
:06 3 20 
0,094
1 
0,066
7 
0,069
6
0,086
3
0,233
8 0,1676 0,1799 0,2368 0,597 0,602 0,613 0,636 5 5,1 5,1 5,3
0,597519
247
0,6020286
4
0,6131183
99
0,63555
7432 
08-05-
2007 
12:18
:16 4 40 
0,120
1 
0,081
4 
0,086
3
0,122
5
0,203
9 0,1451 0,1559 0,2113 0,411 0,439 0,447 0,42 6,9 7,4 7,5 7,1
0,410985
777
0,4390075
81
0,4464400
26
0,42025
5561 
08-05-
2007 
12:18
:26 5 60 
0,113
2 
0,079
4 
0,083
3
0,119
6
0,192
2 0,1382 0,1475 0,202 0,411 0,426 0,435 0,408 10,4 10,7 11 10,3
0,411030
177
0,4254703
33
0,4352542
37
0,40792
0792 
08-05-
2007 
12:18
:36 6 80 
0,102
9 
0,075
5 
0,077
5
0,104
9
0,169
1 0,123 0,1299 0,1755 0,391 0,386 0,404 0,402 13,1 13 13,6 13,5
0,391484
329
0,3861788
62
0,4033872
21
0,40227
9202 
08-05-
2007 
12:18
:46 7 
10
0 0,102 
0,076
5 
0,076
5
0,099
5
0,157
4 0,1162 0,1216 0,1613 0,352 0,342 0,371 0,383 14,8 14,4 15,6 16,1
0,351969
504
0,3416523
24
0,3708881
58
0,38313
7012 
08-05-
2007 
12:18
:56 8 
13
5 
0,104
4 
0,078
4 
0,077
5
0,101
5
0,155
4 0,1147 0,1181 0,1569 0,328 0,316 0,344 0,353 18,6 17,9 19,5 20
0,328185
328
0,3164777
68
0,3437764
61
0,35309
1141 
08-05-
2007 
12:19
:06 9 
17
5 
0,109
3 
0,081
4 
0,079
9
0,105
4
0,156
4 0,1157 0,1176 0,1574 0,301 0,297 0,321 0,33 22,1 21,8 23,6 24,3
0,301150
895
0,2964563
53
0,3205782
31
0,33036
8488 
08-05-
2007 
12:19
:16 10 
22
5 
0,116
2 
0,086
8 
0,084
8
0,111
8
0,158
8 0,1162 0,1186 0,1583 0,269 0,253 0,285 0,294 25,4 23,9 26,9 27,8
0,268261
965
0,2530120
48
0,2849915
68
0,29374
6052 
08-05-
2007 
12:19
:26 11 
29
0 
0,124
5 
0,091
7 
0,090
7
0,120
1
0,160
8 0,1167 0,1201 0,1603 0,226 0,214 0,245 0,251 27,5 26,1 29,8 30,5
0,225746
269
0,2142245
07
0,2447960
03
0,25077
9788 
08-05-
2007 
12:19
:36 12 
36
5 
0,131
9 
0,095
6 
0,095
1 0,127
0,162
3 0,1162 0,1211 0,1627 0,187 0,177 0,215 0,22 28,7 27,2 32,9 33,7
0,187307
455
0,1772805
51
0,2146985
96
0,21942
225 
08-05-
2007 
12:19
:46 13 
46
0 
0,138
2 
0,098
5 0,1
0,134
8
0,163
7 0,1152 0,1221 0,1642 0,156 0,145 0,181 0,179 30,1 28 34,9 34,6
0,155772
755
0,1449652
78
0,1809991
81
0,17904
9939 
08-05-
2007 
12:19
:56 14 
58
5 
0,142
6 
0,100
5 
0,103
9
0,140
2
0,163
7 0,1137 0,1221 0,1647 0,129 0,116 0,149 0,149 31,6 28,6 36,5 36,6
0,128894
319
0,1160949
87
0,1490581
49
0,14875
5313 
08-05-
2007 
12:20
:06 15 
74
5 
0,149
5 
0,102
5 
0,109
3
0,147
5
0,165
7 0,1127 0,123 0,1657 0,098 0,091 0,112 0,109 30,5 28,6 34,9 34,3
0,097767
049
0,0905057
68
0,1113821
14
0,10983
7055 
08-05-
2007 
12:20
:16 16 
95
5 0,152 
0,102
9 
0,112
3
0,151
5
0,163
7 0,1093 0,1221 0,1637 0,072 0,058 0,08 0,075 28,8 23,4 32,2 30
0,071472
205
0,0585544
37
0,0802620
8
0,07452
6573 
 
08-05-
2007 
 
12:20
:26 
 
17 
 
12
10 
 
0,153
9 
 
0,102
5 
0,114
2
0,153
4
0,160
8 0,1064 0,1211 0,1613 0,043 0
 
0,057 
 
0,049 21,7 0 28,8 24,7
0,042910
448
0,0366541
35
0,0569777
04
 
0,04897
7061 
                    
0,138824
816
0,1325765
68   
 
 
 
Does the accumulation of anthocyanins protect the plant against Photoinhibition? 
36 
10% old green 
Date Time No. PAR F1 F2 F3 Fm'1 Fm'2 Fm'3 Yield1 Yield2 Yield3 ETR1 ETR2 ETR3 （Fm'1-Fm1）/Fm'1 （Fm'2-Fm2）/Fm'2 （Fm'3-Fm3）/Fm'3
08-05-2007 12:07:46 1 0 0,0794 0,0951 0,0936 0,3809 0,4049 0,399 0,792 0,765 0,765 0 0 0 0,791546338 0,765127192 0,765413534
08-05-2007 12:07:57 2 4 0,0985 0,1049 0,1093 0,3765 0,4 0,3931 0,738 0,738 0,722 1,2 1,2 1,2 0,738379814 0,73775 0,721953701
08-05-2007 12:08:07 3 20 0,1397 0,1471 0,1431 0,3647 0,3868 0,3799 0,617 0,62 0,623 5,2 5,2 5,2 0,616945435 0,619700103 0,623321927
08-05-2007 12:08:17 4 40 0,1882 0,2034 0,1877 0,3343 0,3583 0,3431 0,437 0,432 0,453 7,3 7,3 7,6 0,437032605 0,432319286 0,452929175
08-05-2007 12:08:27 5 60 0,1873 0,2078 0,1877 0,2951 0,323 0,3005 0,365 0,357 0,375 9,2 9 9,5 0,365299898 0,356656347 0,375374376
08-05-2007 12:08:37 6 80 0,198 0,2186 0,199 0,1613 0,1784 0,1809 0 0 0 0 0 0 -0,227526348 -0,225336323 -0,100055279
08-05-2007 12:08:47 7 100 0,2221 0,2431 0,2255 0,3108 0,3343 0,3167 0,285 0,273 0,288 12 11,5 12,1 0,285392535 0,272808854 0,287969687
08-05-2007 12:08:57 8 135 0,1951 0,2191 0,1966 0,2657 0,2936 0,2691 0,266 0,254 0,27 15,1 14,4 15,3 0,26571321 0,253746594 0,269416574
08-05-2007 12:09:07 9 175 0,1828 0,2069 0,1843 0,2412 0,2676 0,2426 0,242 0,227 0,24 17,8 16,7 17,7 0,24212272 0,226831091 0,240313273
08-05-2007 12:09:17 10 225 0,1819 0,2039 0,1809 0,2314 0,2549 0,2299 0,214 0,2 0,213 20,2 18,9 20,1 0,213915298 0,200078462 0,213136146
08-05-2007 12:09:27 11 290 0,1882 0,2078 0,1843 0,2284 0,249 0,2235 0,176 0,165 0,175 21,4 20,1 21,4 0,176007005 0,165461847 0,175391499
08-05-2007 12:09:37 12 365 0,1956 0,2137 0,1887 0,2015 0,2172 0,1951 0,029 0 0,033 4,5 0 5 0,029280397 0,01611418 0,03280369
08-05-2007 12:09:47 13 460 0,2025 0,2181 0,1931 0,2294 0,2436 0,2186 0,118 0,105 0,117 22,7 20,2 22,5 0,117262424 0,104679803 0,116651418
08-05-2007 12:09:57 14 585 0,2069 0,2206 0,1961 0,2275 0,2397 0,2157 0,091 0,08 0,091 22,2 19,6 22,3 0,090549451 0,079682937 0,090866945
08-05-2007 12:10:07 15 745 0,2103 0,2216 0,199 0,2255 0,2353 0,2123 0,067 0,058 0,062 21,1 18,3 19,5 0,067405765 0,058223544 0,062647197
08-05-2007 12:10:17 16 955 0,2108 0,2201 0,1985 0,2201 0,2279 0,2069 0,042 0,034 0,04 17 13,8 16,2 0,042253521 0,034225538 0,040599323
08-05-2007 12:10:27 17 1210 0,2074 0,2142 0,1946 0,2123 0,2181 0,1985 0,023 0 0 11,7 0 0 0,023080546 0,017881706 0,019647355
 
 
 
 
 
                 0,112864548
 
 
 
 
 
Does the accumulation of anthocyanins protect the plant against Photoinhibition? 
37 
10% old half red 
Date Time 
No
. 
PA
R F1 F2 F3 F4 F5 Fm'1 Fm'2 Fm'3 Fm'4 Fm'5 
Yie
ld1 
Yie
ld2 
Yie
ld3 
Yie
ld4 
Yie
ld5 
ET
R1 
ET
R2 
ET
R3 
ET
R4 
ET
R5 
（Fm'1-
Fm1）/
Fm'1 
（Fm'2-
Fm2）/
Fm'2 
（Fm'3-
Fm3）/
Fm'3 
（Fm'4-
Fm4）/
Fm'4 
（Fm'5-
Fm5）/
Fm'5 
08-05-
2007 
12:12
:30 1 0 
0,046
1 
0,042
6 
0,043
1
0,050
5
0,062
7 0,226
0,199
5
0,205
9
0,253
4
0,305
9
0,7
96
0,7
86 
0,7
9 
0,8
01
0,7
95 0 0 0 0 0
0,79601
7699
0,78646
6165
0,79067
5085
0,80071
0339
0,79503
1056 
08-05-
2007 
12:12
:41 2 4 
0,056
4 
0,051
5 0,051
0,061
8
0,075
5
0,222
1
0,196
1 0,201 0,248 0,299
0,7
46
0,7
38 
0,7
46 
0,7
51
0,7
48 1,3 1,2 1,3 1,3 1,3
0,74606
0333
0,73737
8888
0,74626
8657
0,75080
6452
0,74749
1639 
08-05-
2007 
12:12
:51 3 20 
0,080
9 
0,070
1 
0,074
5
0,096
1
0,120
6
0,211
3
0,185
8
0,192
6
0,239
7
0,282
4
0,6
17
0,6
23 
0,6
13 
0,5
99
0,5
73 5,2 5,2 5,2 5 4,8
0,61713
204
0,62271
2594
0,61318
7954
0,59908
2186
0,57294
6176 
08-05-
2007 
12:13
:01 4 40 
0,095
1 
0,081
9 
0,089
2
0,117
2
0,136
3
0,158
8
0,135
3
0,147
1
0,185
3
0,209
8
0,4
01
0,3
95 
0,3
93 
0,3
68
0,3
5 6,7 6,6 6,6 6,2 5,9
0,40113
3501
0,39467
8492
0,39360
9789
0,36751
2142
0,35033
3651 
08-05-
2007 
12:13
:11 5 60 
0,090
7 0,077 
0,085
8
0,112
7 0,126
0,151
5
0,126
5
0,141
7
0,184
8
0,202
5
0,4
01
0,3
91 
0,3
94 
0,3
9
0,3
78
10,
1 9,9 9,9 9,8 9,5
0,40132
0132
0,39130
4348
0,39449
5413
0,39015
1515
0,37777
7778 
08-05-
2007 
12:13
:21 6 80 
0,083
3 
0,071
1 
0,078
4
0,104
9
0,113
7
0,135
8
0,111
3
0,126
5
0,168
6
0,181
4
0,3
86
0,3
61 
0,3
8 
0,3
78
0,3
73 13
12,
1
12,
8
12,
7
12,
5
0,38659
7938
0,36118
5984
0,38023
7154
0,37781
7319
0,37320
8379 
08-05-
2007 
12:13
:31 7 
10
0 
0,082
4 
0,069
1 0,077
0,104
9
0,112
7 0,127
0,102
5
0,118
1
0,160
3
0,170
1
0,3
51
0,3
25 
0,3
49 
0,3
46
0,3
37
14,
8
13,
7
14,
6
14,
5
14,
2
0,35118
1102
0,32585
3659
0,34801
0161
0,34560
1996
0,33744
856 
08-05-
2007 
12:13
:41 8 
13
5 
0,083
3 
0,069
1 
0,077
5
0,108
3
0,114
7
0,122
5 0,098
0,113
2
0,157
8
0,165
7
0,3
2
0,2
95 
0,3
16 
0,3
14
0,3
08
18,
1
16,
7
17,
9
17,
8
17,
4 0,32
0,29489
7959
0,31537
1025
0,31368
8213
0,30778
5154 
08-05-
2007 
12:13
:51 9 
17
5 
0,087
3 
0,071
6 
0,079
9
0,113
7
0,120
1
0,122
1
0,096
6
0,112
3
0,159
8
0,166
7
0,2
85
0,2
59 
0,2
88 
0,2
88
0,2
79 21 19
21,
2
21,
2
20,
5
0,28501
2285
0,25879
9172
0,28851
2912
0,28848
5607
0,27954
4091 
08-05-
2007 
12:14
:01 10 
22
5 
0,091
2 0,074 
0,084
3
0,121
6 0,126
0,122
5
0,096
1
0,113
2
0,163
7
0,169
1
0,2
56
0,2
3 
0,2
55 
0,2
57
0,2
55
24,
2
21,
7
24,
1
24,
3
24,
1
0,25551
0204
0,22996
8783
0,25530
0353
0,25717
7764
0,25487
877 
 
 
 
 
08-05-
2007 
 
 
 
 
12:14
:11 
 
 
 
 
11 
 
 
 
 
29
0 
 
 
 
 
0,096
6 
 
 
 
 
0,078
4 
0,088
7
0,129
9
0,133
3
0,124
5
0,096
6
0,114
7
0,167
6
0,171
6
0,2
24
 
 
 
 
0,1
88 
 
 
 
 
0,2
26 
0,2
25
0,2
23
27,
3
22,
9
27,
6
27,
4
27,
1
0,22409
6386
0,18840
5797
0,22667
8291
0,22494
0334
 
 
 
 
0,22319
3473 
08-05-
2007 
12:14
:21 12 
36
5 
0,102
5 
0,081
9 
0,093
6
0,138
7
0,141
2 0,126
0,097
1
0,116
2
0,170
1
0,172
5
0,1
87
0,1
57 
0,1
94 
0,1
84
0,1
82
28,
6 24
29,
8
28,
3
27,
9
0,18650
7937
0,15653
965
0,19449
2255
0,18459
7296
0,18144
9275 
08-05-
2007 
12:14
:31 13 
46
0 
0,106
4 
0,085
3 
0,097
5
0,144
6
0,146
6
0,127
9 0,098
0,117
6
0,172
5
0,174
5
0,1
69
0,1
3 
0,1
71 
0,1
62
0,1
6
32,
6
25,
1 33
31,
3
30,
9
0,16810
0078
0,12959
1837
0,17091
8367
0,16173
913
0,15988
5387 
08-05-
2007 
12:14
:41 14 
58
5 
0,111
8 
0,088
7 
0,102
5 0,151
0,152
5
0,128
4 0,099
0,119
1 0,174 0,174
0,1
3
0,1
04 
0,1
4 
0,1
32
0,1
24
31,
9
25,
5
34,
4
32,
5
30,
5
0,12928
3489
0,10404
0404
0,13937
8673
0,13218
3908
0,12356
3218 
08-05-
2007 
12:14
:51 15 
74
5 
0,116
2 
0,092
2 
0,107
4
0,156
9
0,157
8
0,128
9 0,1
0,119
6
0,173
5 0,174
0,0
99
0,0
78 
0,1
02 
0,0
96
0,0
93
30,
9
24,
5
32,
1
30,
1
29,
1
0,09852
5989 0,078
0,10200
6689
0,09567
7233
0,09310
3448 
08-05-
2007 
12:15
:01 16 
95
5 
0,119
1 
0,094
6 
0,110
8
0,160
3
0,159
3
0,128
4 0,1
0,120
1
0,172
5
0,170
6
0,0
73
0,0
54 
0,0
78 
0,0
71
0,0
66
29,
1
21,
6
31,
1
28,
5
26,
5
0,07242
9907 0,054
0,07743
547
0,07072
4638
0,06623
6811 
08-05-
2007 
12:15
:11 17 
12
10 
0,120
6 
0,096
6 
0,112
7
0,161
8
0,159
8
0,126
5 0,099
0,119
1
0,169
6
0,166
2
0,0
47 0 
0,0
53 
0,0
46
0,0
38
23,
6 0
27,
2
23,
5
19,
5
0,04664
0316
0,02424
2424
0,05373
6356
0,04599
0566
0,03850
7822 
                          
0,13717
3052  
0,14603
4647 
 
 
Does the accumulation of anthocyanins protect the plant against Photoinhibition? 
38 
10% young mostly red 
Date Time No. PAR F1 F2 F3 F4 Fm'1 Fm'2 Fm'3 Fm'4 Yield1 Yield2 Yield3 Yield4 ETR1 ETR2 ETR3 ETR4
（Fm'1-
Fm1）/F
m'1 
（Fm'2-
Fm2）/Fm'
2 
（Fm'3-
Fm3）/
Fm'3 
（Fm'4-
Fm4）/
Fm'4 
08-05-
2007 
12:02
:43 1 0 0,0382 0,0426 0,0485 0,075 0,1593 0,1814 0,2044 0,3358 0,76 0,765 0,763 0,777 0 0 0 0
0,760200
879
0,7651598
68
0,76272
0157
0,77665
277 
08-05-
2007 
12:02
:54 2 4 0,048 0,0495 0,0574 0,0868 0,1564 0,1779 0,2015 0,3309 0,693 0,722 0,715 0,738 1,2 1,2 1,2 1,2
0,693094
629
0,7217537
94
0,71513
6476
0,73768
5101 
08-05-
2007 
12:03
:04 3 20 0,0652 0,0647 0,0779 0,1265 0,148 0,1706 0,1912 0,3196 0,56 0,621 0,592 0,604 4,7 5,2 5 5,1
0,559459
459
0,6207502
93
0,59257
3222
0,60419
2741 
08-05-
2007 
12:03
:14 4 40 0,0706 0,0779 0,0926 0,1637 0,1299 0,1534 0,1691 0,2892 0,457 0,492 0,452 0,434 7,7 8,3 7,6 7,3
0,456505
004
0,4921773
14
0,45239
5033
0,43395
574 
08-05-
2007 
12:03
:24 5 60 0,0716 0,0819 0,0941 0,1657 0,1142 0,1343 0,1471 0,2583 0,373 0,391 0,36 0,359 9,4 9,8 9,1 9
0,373029
772
0,3901712
58
0,36029
9116
0,35849
7871 
08-05-
2007 
12:03
:34 6 80 0,0706 0,0809 0,0897 0,1554 0,1054 0,1225 0,1324 0,2343 0,33 0,34 0,322 0,337 11,1 11,4 10,8 11,3
0,330170
778
0,3395918
37
0,32250
7553
0,33674
7759 
08-05-
2007 
12:03
:44 7 100 0,0721 0,0814 0,0897 0,1515 0,101 0,1162 0,124 0,2162 0,286 0,3 0,277 0,299 12 12,6 11,6 12,6
0,286138
614
0,2994836
49
0,27661
2903
0,29925
9944 
08-05-
2007 
12:03
:54 8 135 0,074 0,0828 0,0897 0,149 0,099 0,1142 0,1206 0,2039 0,252 0,275 0,256 0,269 14,3 15,6 14,5 15,3
0,252525
253
0,2749562
17
0,25621
8905
0,26924
9632 
08-05-
2007 
12:04
:04 9 175 0,0775 0,0863 0,0917 0,15 0,0995 0,1142 0,1186 0,1966 0,222 0,245 0,227 0,237 16,3 18 16,7 17,4
0,221105
528
0,2443082
31
0,22681
2816
0,23702
9502 
08-05-
2007 
12:04
:14 10 225 0,0809 0,0902 0,0956 0,1525 0,1 0,1147 0,1186 0,1917 0,191 0,214 0,194 0,205 18,1 20,2 18,4 19,3 0,191
0,2136006
97
0,19392
9174
0,20448
6176 
08-05-
2007 
12:04
:24 11 290 0,0843 0,0946 0,0995 0,1554 0,0995 0,1152 0,1191 0,1887 0,153 0,179 0,165 0,177 18,6 21,8 20 21,5
0,152763
819
0,1788194
44
0,16456
759
0,17647
0588 
08-05-
2007 
12:04
:34 12 365 0,0877 0,099 0,1039 0,1588 0,101 0,1162 0,1191 0,1858 0,131 0,148 0,128 0,145 20,1 22,6 19,6 22,2
0,131683
168
0,1480206
54
0,12762
3846
0,14531
7546 
08-05-
2007 
12:04
:44 13 460 0,0902 0,1025 0,1074 0,1627 0,1005 0,1157 0,1196 0,1848 0,102 0,114 0,102 0,119 19,8 22,1 19,8 23,1
0,102487
562
0,1140881
59
0,10200
6689
0,11958
8745 
08-05-
2007 
12:04
:54 14 585 0,0922 0,1049 0,1098 0,1657 0,1 0,1142 0,1191 0,1824 0,078 0,082 0,078 0,091 19,3 20 19,2 22,5 0,078
0,0814360
77
0,07808
5642
0,09155
7018 
08-05-
2007 
12:05
:04 15 745 0,0917 0,1044 0,1098 0,1642 0,0971 0,1108 0,1167 0,175 0,056 0,058 0,059 0,062 17,4 18 18,4 19,3
0,055612
77
0,0577617
33
0,05912
5964
0,06171
4286 
08-05-
2007 
12:05
:14 16 955 0,0917 0,1039 0,1103 0,1647 0,0843 0,0966 0,102 0,1529 0 0 0 0 0 0 0 0
-
0,087781
732
-
0,0755693
58
-
0,08137
2549
-
0,07717
4624 
 
08-05-
2007 
 
12:05
:24 
 
17 
 
1210 
 
0,0917 
 
0,1034 0,1098 0,1637 0,0931 0,1059 0,1123 0,1681 0 0
 
0 0,026 0 0 0 13,3
0,015037
594
0,0236071
77
0,02226
1799
 
0,02617
4896 
                      
0,12723
6837
0,11958
8745 
 
 
Does the accumulation of anthocyanins protect the plant against Photoinhibition? 
39 
50% old green 
Date Time No. PAR F1 F2 F3 Fm'1 Fm'2 Fm'3 Yield1 Yield2 Yield3 ETR1 ETR2 ETR3 （Fm'1-Fm1）/Fm'1 （Fm'2-Fm2）/Fm'2 （Fm'3-Fm3）/Fm'3
08-05-2007 11:38:17 1 0 0,0598 0,0583 0,0544 0,2975 0,2892 0,2701 0,799 0,798 0,799 0 0 0 0,798991597 0,798409405 0,798593114
08-05-2007 11:38:28 2 4 0,074 0,074 0,0667 0,2922 0,2838 0,2647 0,747 0,739 0,748 1,3 1,2 1,3 0,746748802 0,739252995 0,748016623
08-05-2007 11:38:38 3 20 0,1118 0,1064 0,0951 0,2779 0,2706 0,2578 0,598 0,607 0,631 5 5,1 5,3 0,597697013 0,606799704 0,631109387
08-05-2007 11:38:48 4 40 0,1157 0,1113 0,1069 0,2074 0,2029 0,2039 0,442 0,452 0,476 7,4 7,6 8 0,442140791 0,451453918 0,475723394
08-05-2007 11:38:58 5 60 0,0956 0,0917 0,0902 0,1574 0,152 0,1544 0,393 0,397 0,416 9,9 10 10,5 0,392630241 0,396710526 0,415803109
08-05-2007 11:39:08 6 80 0,0814 0,0789 0,0765 0,1319 0,1275 0,1275 0,383 0,381 0,4 12,9 12,8 13,4 0,382865807 0,381176471 0,4
08-05-2007 11:39:18 7 100 0,077 0,0735 0,0706 0,1176 0,1123 0,1132 0,346 0,345 0,377 14,5 14,5 15,8 0,345238095 0,345503117 0,376325088
08-05-2007 11:39:28 8 135 0,075 0,0711 0,0681 0,1108 0,1044 0,1059 0,323 0,319 0,356 18,3 18,1 20,2 0,323104693 0,318965517 0,35694051
08-05-2007 11:39:38 9 175 0,0765 0,0721 0,0696 0,1083 0,101 0,1034 0,294 0,286 0,327 21,6 21,1 24 0,293628809 0,286138614 0,32688588
08-05-2007 11:39:48 10 225 0,0779 0,0735 0,0706 0,1059 0,098 0,0995 0,264 0,25 0,291 24,9 23,6 27,5 0,264400378 0,25 0,290452261
08-05-2007 11:39:58 11 290 0,0804 0,075 0,0725 0,1059 0,0966 0,0985 0,241 0,223 0,264 29,3 27,2 32,1 0,240793201 0,223602484 0,263959391
08-05-2007 11:40:08 12 365 0,0828 0,0765 0,074 0,1054 0,0961 0,0975 0,214 0,204 0,241 32,8 31,3 37 0,214421252 0,203954214 0,241025641
08-05-2007 11:40:18 13 460 0,0887 0,0814 0,0799 0,1093 0,099 0,1005 0,188 0,178 0,205 36,4 34,4 39,6 0,188472095 0,177777778 0,204975124
08-05-2007 11:40:28 14 585 0,0956 0,0868 0,0848 0,1113 0,1 0,1015 0,141 0,132 0,164 34,6 32,5 40,4 0,141060198 0,132 0,16453202
08-05-2007 11:40:38 15 745 0,0985 0,0892 0,0882 0,1108 0,1 0,1005 0,111 0,108 0,122 34,6 33,7 38,2 0,11101083 0,108 0,12238806
08-05-2007 11:40:48 16 955 0,1015 0,0917 0,0912 0,1093 0,0995 0,1005 0,072 0,079 0,093 28,8 31,6 37,2 0,07136322 0,07839196 0,092537313
08-05-2007 11:40:58 17 1210 0,1049 0,0951 0,0946 0,1108 0,1 0,1005 0,053 0,049 0,059 27 24,9 29,7 0,053249097 0,049 0,058706468
                  0,176927298
 
 
 
 
 
 
Does the accumulation of anthocyanins protect the plant against Photoinhibition? 
40 
50% old half red 
Date Time 
No
. 
PA
R F1 F2 F3 F4 F5 Fm'1 Fm'2 Fm'3 Fm'4 Fm'5 
Yie
ld1 
Yie
ld2 
Yie
ld3 
Yie
ld4 
Yie
ld5 
ET
R1 
ET
R2 
ET
R3 
ET
R4 
ET
R5 
（Fm'1-
Fm1）/
Fm'1 
（Fm'2-
Fm2）/
Fm'2 
（Fm'3-
Fm3）/
Fm'3 
（Fm'4-
Fm4）/
Fm'4 
（Fm'5-
Fm5）/
Fm'5 
08-05-
2007 
11:43
:11 1 0 
0,047
1 
0,050
5 
0,057
8
0,057
8
0,055
9
0,221
6
0,235
3
0,278
4
0,282
8
0,277
9
0,7
88
0,7
85 
0,7
92 
0,7
95
0,7
99 0 0 0 0 0
0,78745
4874
0,78538
0365
0,79238
5057
0,79561
5276
0,79884
8507 
08-05-
2007 
11:43
:22 2 4 
0,058
3 
0,060
8 
0,071
1
0,071
1
0,070
1
0,217
6
0,231
9
0,271
6 0,277
0,271
6
0,7
32
0,7
38 
0,7
38 
0,7
43
0,7
42 1,2 1,2 1,2 1,2 1,2
0,73207
7206
0,73781
8025
0,73821
7968
0,74332
13
0,74189
9853 
08-05-
2007 
11:43
:32 3 20 
0,077
9 
0,082
8 0,102 0,098
0,095
1
0,207
8
0,221
1
0,262
3
0,268
6
0,263
7
0,6
25
0,6
25 
0,6
11 
0,6
35
0,6
39 5,3 5,3 5,1 5,3 5,4
0,62512
0308
0,62550
882
0,61113
2291
0,63514
5197
0,63936
2912 
08-05-
2007 
11:43
:42 4 40 
0,088
2 
0,094
1 
0,118
6
0,118
6
0,114
2
0,171
1
0,181
9
0,220
6
0,230
4 0,225
0,4
84
0,4
82 
0,4
62 
0,4
85
0,4
92 8,1 8,1 7,8 8,1 8,3
0,48451
1981
0,48268
2793
0,46237
534
0,48524
3056
0,49244
4444 
08-05-
2007 
11:43
:52 5 60 
0,079
4 
0,087
3 
0,107
8
0,107
8
0,103
9
0,134
3
0,144
6
0,177
5
0,184
8 0,177
0,4
09
0,3
97 
0,3
92 
0,4
16
0,4
13
10,
3 10 9,9
10,
5
10,
4
0,40878
6299
0,39626
556
0,39267
6056
0,41666
6667
0,41299
435 
08-05-
2007 
11:44
:02 6 80 
0,069
6 
0,077
5 
0,094
1
0,094
6
0,090
2
0,113
7
0,123
5
0,152
5
0,159
3
0,149
5
0,3
88
0,3
73 
0,3
83 
0,4
06
0,3
97 13
12,
5
12,
9
13,
6
13,
3
0,38786
2797
0,37246
9636
0,38295
082
0,40615
1915
0,39665
5518 
08-05-
2007 
11:44
:12 7 
10
0 
0,063
7 
0,072
5 
0,087
3
0,087
7
0,082
4
0,100
5
0,110
3
0,137
7
0,143
1
0,132
8
0,3
66
0,3
42 
0,3
67 
0,3
87
0,3
8
15,
4
14,
4
15,
4
16,
3 16
0,36616
9154
0,34270
1723
0,36601
3072
0,38714
1859
0,37951
8072 
08-05-
2007 
11:44
:22 8 
13
5 
0,061
3 
0,070
1 
0,084
3
0,085
8
0,078
9
0,095
1
0,105
9
0,132
8
0,138
2 0,127
0,3
56
0,3
38 
0,3
65 
0,3
79
0,3
78
20,
2
19,
2
20,
7
21,
5
21,
5
0,35541
5352
0,33805
4769
0,36521
0843
0,37916
0637
0,37874
0157 
08-05-
2007 
11:44
:32 9 
17
5 
0,063
7 
0,074
5 
0,090
7
0,092
6
0,083
8
0,091
7
0,103
4
0,132
8
0,138
7
0,125
5
0,3
05
0,2
8 
0,3
17 
0,3
32
0,3
32
22,
4
20,
6
23,
3
24,
4
24,
4
0,30534
3511
0,27949
7099
0,31701
8072
0,33237
2026
0,33227
0916 
08-05-
2007 
11:44
:42 10 
22
5 
0,064
2 0,077 
0,094
1
0,096
1
0,085
8
0,088
7
0,102
5
0,131
9
0,136
8
0,122
5
0,2
76
0,2
49 
0,2
86 
0,2
97 0,3
26,
1
23,
5
27,
1
28,
1
28,
3
0,27621
195
0,24878
0488
0,28658
0743
0,29751
462
0,29959
1837 
08-05-
2007 
11:44
:52 11 
29
0 
0,066
2 
0,079
9 
0,098
5 0,1
0,088
2
0,087
7
0,102
9
0,130
4
0,135
3
0,120
1
0,2
46
0,2
24 
0,2
44 
0,2
61
0,2
65
29,
9
27,
3
29,
8
31,
8
32,
3
0,24515
3934
0,22351
7979
0,24463
1902
0,26090
17
0,26561
199 
08-05-
2007 
11:45
:02 12 
36
5 
0,067
6 
0,082
8 
0,101
5
0,102
5
0,089
7
0,086
8
0,103
9
0,130
9
0,135
3
0,117
6
0,2
2
0,2
03 
0,2
25 
0,2
43
0,2
37
33,
8
31,
1
34,
4
37,
2
36,
4
0,22119
8157
0,20307
9885
0,22459
893
0,24242
4242
0,23724
4898 
08-05-
2007 
11:45
:12 13 
46
0 
0,070
6 
0,086
8 
0,106
4
0,107
4
0,092
6
0,086
3
0,104
9
0,129
9
0,132
8
0,115
7
0,1
82
0,1
73 
0,1
81 
0,1
92
0,1
99
35,
1
33,
4 35
37,
1
38,
5
0,18192
3523
0,17254
5281
0,18090
8391
0,19126
506
0,19965
4278 
 
08-05-
2007 
 
11:45
:22 
 
14 
 
58
5 
 
0,072
1 
 
0,089
7 
0,107
4
0,108
3
0,093
6
0,085
8
0,103
9
0,125
5
0,128
9
0,111
3
0,1
6
 
0,1
37 
 
0,1
45 
0,1
6
0,1
59
39,
3
33,
6
35,
5
39,
2 39
0,15967
366
0,13666
9875
0,14422
3108
0,15981
3809
 
0,15902
965 
08-05-
2007 
11:45
:32 15 
74
5 0,074 
0,093
1 
0,108
3
0,110
3
0,094
1
0,084
8
0,103
9
0,122
5 0,125
0,108
3
0,1
27
0,1
04 
0,1
16 
0,1
18
0,1
31
39,
8
32,
5
36,
3
36,
8
41,
1
0,12735
8491
0,10394
6102
0,11591
8367 0,1176
0,13111
7267 
08-05-
2007 
11:45
:42 16 
95
5 0,075 
0,094
6 
0,107
8
0,108
8
0,094
1
0,082
4
0,102
5
0,116
7
0,119
1
0,102
5
0,0
89
0,0
77 
0,0
76 
0,0
86
0,0
81
35,
8
30,
7
30,
3
34,
7
32,
6
0,08980
5825
0,07707
3171
0,07626
3925
0,08648
1948
0,08195
122 
08-05-
2007 
11:45
:52 17 
12
10 0,077 
0,096
6 
0,107
8
0,109
3
0,094
1
0,080
9 0,102
0,113
7
0,116
2
0,099
5 0
0,0
53 
0,0
52 
0,0
59
0,0
54 0
26,
9
26,
3 30
27,
5
0,04820
7664
0,05294
1176
0,05189
0941
0,05938
0379
0,05427
1357 
                         
0,13201
4183   
0,13561
6481 
 
 
Does the accumulation of anthocyanins protect the plant against Photoinhibition? 
41 
50% young mostly red 
Date Time 
No
. 
PA
R F1 F2 F3 F4 F5 F6 Fm'1 Fm'2 Fm'3 Fm'4 Fm'5 Fm'6 
Yie
ld1 
Yie
ld2 
Yie
ld3 
Yie
ld4 
Yie
ld5 
Yie
ld6 
ET
R1 
ET
R2 
ET
R3 
ET
R4 
ET
R5 
ET
R6 
（Fm'1-
Fm1）/
Fm'1 
（Fm'2-
Fm2）/
Fm'2 
（Fm'3-
Fm3）/
Fm'3 
（
Fm
Fm
08-05-
2007 
11:33
:55 1 0 
0,046
6 
0,046
6 
0,044
6
0,052
5
0,053
9
0,054
4 0,2
0,206
4
0,195
1
0,237
7
0,249
5
0,265
2 
0,7
67
0,7
74
0,7
71
0,7
79
0,7
84
0,7
95 0 0 0 0 0 0 0,767
0,77422
4806 
0,77139
9282 
0
08-05-
2007 
11:34
:06 2 4 
0,055
4 
0,057
4 
0,052
9
0,064
2
0,065
2
0,067
6
0,198
5
0,204
9
0,192
2
0,234
8
0,246
6
0,261
8 
0,7
21
0,7
2
0,7
24
0,7
27
0,7
36
0,7
42 1,2 1,2 1,2 1,2 1,2 1,2
0,72090
6801
0,71986
3348 
0,72476
5869 
0
08-05-
2007 
11:34
:16 3 20 
0,070
6 
0,073
5 
0,068
1
0,083
3
0,085
3
0,085
8
0,185
3
0,192
2
0,179
9
0,218
6
0,233
3 0,251 
0,6
19
0,6
17
0,6
21
0,6
19
0,6
34
0,6
58 5,2 5,2 5,2 5,2 5,3 5,5
0,61899
6222
0,61758
5848 
0,62145
6365 
0
08-05-
2007 
11:34
:26 4 40 0,073 0,077 
0,071
6
0,088
2
0,093
6 0,102
0,141
7 0,149
0,136
3
0,165
7
0,179
9 0,202 
0,4
84
0,4
84
0,4
75
0,4
67
0,4
8
0,4
95 8,1 8,1 8 7,9 8,1 8,3
0,48482
71
0,48322
1477 
0,47468
8188 
0
08-05-
2007 
11:34
:36 5 60 
0,063
7 
0,067
6 
0,062
7 0,077
0,081
9
0,091
7
0,107
8
0,112
3
0,103
9
0,125
5
0,138
2
0,156
9 
0,4
09
0,3
97
0,3
96
0,3
87
0,4
08
0,4
16
10,
3 10 10 9,7
10,
3
10,
5
0,40909
0909
0,39804
0962 
0,39653
513 
0
08-05-
2007 
11:34
:46 6 80 
0,055
9 
0,058
8 
0,055
4
0,067
6
0,071
6
0,080
4
0,089
7
0,093
1
0,086
8
0,105
4
0,116
7
0,134
3 
0,3
77
0,3
68
0,3
62
0,3
58
0,3
87
0,4
01
12,
7
12,
4
12,
1 12 13
13,
5
0,37681
1594
0,36842
1053 
0,36175
1152 
0
08-05-
2007 
11:34
:56 7 
10
0 
0,052
5 
0,055
4 
0,051
5
0,062
7
0,066
7
0,076
5
0,078
4
0,080
9
0,076
5
0,091
7
0,103
9
0,121
6 0
0,3
15 0
0,3
16
0,3
58
0,3
71 0
13,
2 0
13,
3
15,
1
15,
6
0,33035
7143
0,31520
3956 
0,32679
7386 
0
         
08-05-
2007 
11:35
:06 8 
13
5 0,05 
0,052
5 
0,049
5
0,059
8
0,064
7
0,075
5 0,073 0,076
0,071
6
0,085
8 0,099
0,116
7 0 0 0
0,3
03
0,3
47
0,3
53 0 0 0
17,
2
19,
6 20
0,31506
8493
0,30921
0526 
0,30865
9218 
0
08-05-
2007 
11:35
:16 9 
17
5 
0,049
5 
0,052
9 0,049
0,059
3
0,065
2 0,077
0,069
6
0,072
5
0,068
6
0,082
4
0,096
6
0,114
7 0 0 0
0,2
8
0,3
25
0,3
29 0 0 0
20,
6
23,
9
24,
2
0,28879
3103
0,27034
4828 
0,28571
4286 
0
08-05-
2007 
11:35
:26 10 
22
5 
0,049
5 
0,053
9 
0,049
5
0,060
8
0,066
7
0,079
9
0,067
2
0,072
5
0,067
2
0,080
4
0,095
1
0,114
7 0 0 0
0,2
44
0,2
99
0,3
03 0 0 0 23
28,
3
28,
7
0,26339
2857
0,25655
1724 
0,26339
2857 
0
08-05-
2007 
11:35
:36 11 
29
0 
0,050
5 
0,055
4 
0,050
5
0,062
7
0,068
6
0,083
3
0,065
7
0,071
1
0,065
2
0,079
9
0,093
6
0,114
2 0 0 0
0,2
15
0,2
67
0,2
7 0 0 0
26,
2
32,
5
32,
9
0,23135
4642
0,22081
5752 
0,22546
0123 
0
08-05-
2007 
11:35
:46 12 
36
5 
0,050
5 
0,057
4 0,052
0,063
7
0,070
1
0,086
8
0,065
7 0,073
0,065
7
0,080
9
0,094
6
0,117
2 0 0 0
0,2
12
0,2
59
0,2
59 0 0 0
32,
5
39,
7
39,
8
0,23135
4642
0,21369
863 
0,20852
3592 
0
08-05-
2007 
11:35
:56 13 
46
0 
0,053
9 
0,062
7 
0,054
9
0,069
1
0,076
5
0,095
6
0,065
7 0,074
0,066
2
0,082
4
0,095
1
0,119
6 0 0 0
0,1
61
0,1
96
0,2
01 0 0 0 31
37,
8
38,
8
0,17960
4262
0,15270
2703 
0,17069
4864 
0
08-05-
2007 
11:36
:06 14 
58
5 
0,055
9 
0,065
2 
0,056
9
0,072
5
0,079
9
0,100
5
0,065
2 0,075
0,066
7
0,083
8
0,096
6
0,122
1 0 0 0
0,1
35
0,1
73
0,1
77 0 0 0 33
42,
4
43,
4
0,14263
8037
0,13066
6667 
0,14692
6537 
0
08-05-
2007 
11:36
:16 15 
74
5 
0,057
4 
0,067
6 
0,059
3 0,075
0,082
4
0,105
4
0,065
2
0,075
5
0,067
2
0,084
3
0,096
6 0,123 0 0 0
0,1
1
0,1
47
0,1
43 0 0 0
34,
6
46,
1
44,
9
0,11963
1902
0,10463
5762 
0,11755
9524 
0
08-05-
2007 
11:36
:26 16 
95
5 
0,059
3 
0,070
1 
0,061
3
0,077
5
0,084
8
0,108
8
0,064
7
0,075
5
0,066
2
0,084
3
0,094
6
0,120
6 0 0 0
0,0
81
0,1
04
0,0
98 0 0 0
32,
6
41,
6
39,
1
0,08346
2133
0,07152
3179 
0,07401
8127 
0
08-05-
2007 
11:36
:36 17 
12
10 
0,061
3 
0,071
6 
0,062
3
0,078
9
0,085
3
0,109
8
0,064
2
0,074
5
0,065
2
0,083
8
0,091
7
0,116
7 0 0 0
0,0
58
0,0
7
0,0
59 0 0 0
29,
7
35,
3
29,
9
0,04517
134
0,03892
6174 
0,04447
8528 
0
                               
0
 
 
Does the accumulation of anthocyanins protect the plant against Photoinhibition? 
42 
50% old green 
Date Time No. PAR F1 F2 F3 Fm'1 Fm'2 Fm'3 Yield1 Yield2 Yield3 ETR1 ETR2 ETR3 （Fm'1-Fm1）/Fm'1 （Fm'2-Fm2）/Fm'2 （Fm'3-Fm3）/Fm'3
08-05-2007 11:52:32 1 0 0,0583 0,0667 0,0613 0,3015 0,3412 0,3044 0,807 0,805 0,799 0 0 0 0,806633499 0,804513482 0,798620237
08-05-2007 11:52:43 2 4 0,0706 0,0819 0,0735 0,2971 0,3358 0,3005 0,762 0,756 0,755 1,3 1,3 1,3 0,762369573 0,756104824 0,755407654
08-05-2007 11:52:54 3 20 0,0951 0,1113 0,1015 0,2892 0,324 0,2922 0,671 0,657 0,653 5,6 5,5 5,5 0,671161826 0,656481481 0,652635181
08-05-2007 11:53:04 4 40 0,1294 0,1441 0,1284 0,2534 0,2711 0,248 0,489 0,468 0,482 8,2 7,9 8,1 0,489344909 0,468461822 0,482258065
08-05-2007 11:53:14 5 60 0,1201 0,1314 0,1127 0,2059 0,2176 0,1951 0,417 0,396 0,422 10,5 10 10,6 0,416707139 0,396139706 0,422347514
08-05-2007 11:53:24 6 80 0,1049 0,1176 0,0985 0,1706 0,1843 0,1603 0,385 0,362 0,385 12,9 12,2 12,9 0,385111372 0,361909929 0,385527137
08-05-2007 11:53:34 7 100 0,1 0,1147 0,0926 0,1529 0,1686 0,1431 0,346 0,32 0,353 14,5 13,4 14,8 0,345977763 0,319691578 0,35290007
08-05-2007 11:53:44 8 135 0,0995 0,1157 0,0912 0,1466 0,1642 0,1363 0,321 0,296 0,331 18,2 16,8 18,8 0,321282401 0,295371498 0,330887748
08-05-2007 11:53:54 9 175 0,1054 0,1225 0,0971 0,148 0,1662 0,1363 0,288 0,263 0,288 21,2 19,3 21,2 0,287837838 0,262936221 0,28760088
08-05-2007 11:54:04 10 225 0,1132 0,1314 0,1029 0,1515 0,1706 0,1392 0,252 0,23 0,261 23,9 21,7 24,6 0,252805281 0,229777257 0,260775862
08-05-2007 11:54:14 11 290 0,1235 0,1407 0,1113 0,1569 0,1755 0,1431 0,212 0,198 0,223 25,9 24,2 27,1 0,212874442 0,198290598 0,222222222
08-05-2007 11:54:24 12 365 0,1324 0,1495 0,1191 0,1623 0,1799 0,148 0,184 0,169 0,195 28,3 25,9 29,9 0,184226741 0,168982768 0,19527027
08-05-2007 11:54:34 13 460 0,1417 0,1588 0,1284 0,1676 0,1838 0,1525 0,155 0,136 0,158 29,9 26,3 30,4 0,154534606 0,13601741 0,158032787
08-05-2007 11:54:44 14 585 0,1495 0,1662 0,1358 0,1711 0,1853 0,1559 0,126 0,103 0,129 31 25,4 31,7 0,126241964 0,103076093 0,128928801
08-05-2007 11:54:54 15 745 0,1588 0,174 0,1456 0,1789 0,1936 0,1652 0,112 0,101 0,119 35,1 31,7 37,1 0,11235327 0,101239669 0,118644068
08-05-2007 11:55:04 16 955 0,1686 0,1838 0,1559 0,1804 0,1951 0,1681 0,065 0,058 0,073 26,2 23,2 29,2 0,0654102 0,057919016 0,072575848
08-05-2007 11:55:14 17 1210 0,1657 0,1789 0,1544 0,1765 0,1877 0,1652 0,061 0,047 0,065 31,1 23,9 33,2 0,061189802 0,046883324 0,065375303
                  0,110745669
 
 
 
 
 
 
Does the accumulation of anthocyanins protect the plant against Photoinhibition? 
43 
50% old half red 
Date Time 
No
. 
PA
R F1 F2 F3 F4 F5 Fm'1 Fm'2 Fm'3 Fm'4 Fm'5 
Yie
ld1 
Yie
ld2 
Yie
ld3 
Yie
ld4 
Yie
ld5 
ET
R1 
ET
R2 
ET
R3 
ET
R4 
ET
R5 
（Fm'1-
Fm1）/
Fm'1 
（Fm'2-
Fm2）/
Fm'2 
（Fm'3-
Fm3）/
Fm'3 
（Fm'4-
Fm4）/
Fm'4 
（Fm'5-
Fm5）/
Fm'5 
08-05-
2007 
11:56
:50 1 0 
0,043
1 
0,047
1 
0,044
6
0,051
5
0,049
5
0,201
5
0,236
8
0,212
7
0,233
8
0,237
7
0,7
86
0,8
01 
0,7
9 
0,7
8
0,7
92 0 0 0 0 0
0,78610
4218
0,80109
7973
0,79031
4998
0,77972
6262
0,79175
4312 
08-05-
2007 
11:57
:02 2 4 
0,054
9 
0,059
3 
0,055
4
0,061
3
0,062
3
0,198
5
0,234
8
0,210
8
0,230
9
0,234
8
0,7
23
0,7
47 
0,7
37 
0,7
35
0,7
35 1,2 1,3 1,2 1,2 1,2
0,72342
5693
0,74744
4634
0,73719
1651
0,73451
7107
0,73466
7802 
08-05-
2007 
11:57
:12 3 20 
0,070
6 
0,080
9 0,076
0,079
9
0,080
4
0,192
2
0,228
4
0,203
4
0,222
5
0,226
5
0,6
33
0,6
46 
0,6
27 
0,6
41
0,6
45 5,3 5,4 5,3 5,4 5,4
0,63267
4298
0,64579
6848
0,62635
2016
0,64089
8876
0,64503
3113 
08-05-
2007 
11:57
:22 4 40 
0,075
5 
0,096
6 
0,086
3
0,087
3
0,089
2
0,155
9
0,197
1
0,171
6
0,177
9
0,185
8
0,5
16
0,5
1 
0,4
97 
0,5
1
0,5
2 8,7 8,6 8,4 8,6 8,7
0,51571
5202
0,50989
3455
0,49708
6247
0,50927
4874
0,51991
3886 
08-05-
2007 
11:57
:32 5 60 
0,067
6 
0,089
7 
0,080
9 0,077
0,081
4
0,119
1
0,157
8
0,138
2
0,133
8
0,144
1
0,4
32
0,4
32 
0,4
15 
0,4
25
0,4
35
10,
9
10,
9
10,
5
10,
7 11
0,43240
974
0,43155
8935
0,41461
6498
0,42451
42
0,43511
4504 
08-05-
2007 
11:57
:42 6 80 
0,059
8 
0,079
4 
0,071
6
0,067
6
0,072
1
0,097
1
0,128
4
0,114
2
0,109
8
0,117
2
0,3
84
0,3
82 
0,3
73 
0,3
84
0,3
85
12,
9
12,
8
12,
5
12,
9
12,
9
0,38414
0062
0,38161
9938
0,37302
9772
0,38433
5155
0,38481
2287 
08-05-
2007 
11:57
:52 7 
10
0 
0,055
4 0,074 
0,067
2
0,063
7
0,068
1
0,083
8
0,112
3
0,101
5
0,098
5
0,103
4
0,3
39
0,3
41 
0,3
38 
0,3
53
0,3
41
14,
2
14,
3
14,
2
14,
8
14,
3
0,33890
2148
0,34105
0757
0,33793
1034
0,35329
9492
0,34139
265 
08-05-
2007 
11:58
:02 8 
13
5 0,052 
0,070
6 
0,065
2
0,061
3
0,065
7
0,075
5
0,101
5
0,093
1
0,090
7
0,095
6 0
0,3
04 0,3 
0,3
24
0,3
13 0
17,
3 17
18,
4
17,
7
0,31125
8278
0,30443
3498
0,29967
7766
0,32414
5535
0,31276
1506 
08-05-
2007 
11:58
:12 9 
17
5 
0,050
5 
0,069
6 
0,064
7
0,060
8
0,064
7
0,071
1
0,096
6
0,089
7
0,087
3
0,092
6 0
0,2
79 
0,2
79 
0,3
03
0,3
02 0
20,
5
20,
5
22,
3
22,
2
0,28973
2771
0,27950
3106
0,27870
68
0,30355
0974
0,30129
5896 
08-05-
2007 
11:58
:22 10 
22
5 
0,050
5 
0,070
6 
0,065
7
0,061
3
0,065
7
0,068
1
0,093
6
0,087
3
0,084
8
0,089
2 0
0,2
46 
0,2
47 
0,2
77
0,2
64 0
23,
3
23,
4
26,
2
24,
9
0,25844
3465
0,24572
6496
0,24742
268
0,27712
2642
0,26345
2915 
08-05-
2007 
11:58
:32 11 
29
0 0,051 
0,072
5 
0,067
6
0,062
7
0,067
6
0,065
7
0,091
7
0,085
8
0,082
8
0,087
3 0
0,2
09 
0,2
11 
0,2
43
0,2
25 0
25,
4
25,
8
29,
5
27,
4
0,22374
4292
0,20937
8408
0,21212
1212
0,24275
3623
0,22565
8648 
08-05-
2007 
11:58
:42 12 
36
5 
0,051
5 
0,074
5 
0,070
1
0,064
2
0,069
6
0,063
2
0,091
2
0,085
3
0,080
9
0,086
8 0
0,1
83 
0,1
78 
0,2
06
0,1
98 0 28
27,
3
31,
6
30,
3
0,18512
6582
0,18311
4035
0,17819
4607
0,20642
7689
0,19815
6682 
08-05-
2007 
11:58
:52 13 
46
0 
0,052
9 
0,077
5 
0,072
5
0,066
2
0,072
5
0,062
3
0,090
7
0,084
8
0,080
9
0,086
8 0
0,1
46 
0,1
45 
0,1
82
0,1
64 0
28,
2
27,
9
35,
1
31,
7
0,15088
2825
0,14553
473
0,14504
717
0,18170
581
0,16474
6544 
08-05-
2007 
11:59
:02 14 
58
5 
0,053
9 
0,080
4 0,075
0,069
1
0,075
5
0,061
3
0,091
2
0,084
3
0,080
9
0,087
3 0
0,1
18 
0,1
1 
0,1
45
0,1
35 0
29,
1
27,
1
35,
7
33,
1
0,12071
7781
0,11842
1053
0,11032
0285
0,14585
9085
0,13516
6094 
08-05-
2007 
11:59
:12 15 
74
5 
0,055
4 
0,083
3 
0,077
5
0,071
1
0,077
9
0,061
3
0,091
7
0,084
8
0,080
9
0,088
2 0
0,0
91 
0,0
87 
0,1
21
0,1
17 0
28,
4
27,
1
37,
9
36,
5
0,09624
7961
0,09160
3053
0,08608
4906
0,12113
7206
0,11678
0045 
08-05-
2007 
11:59
:22 16 
95
5 
0,056
9 
0,086
3 
0,079
9 0,075
0,081
9
0,061
3
0,092
6
0,086
3
0,081
9
0,089
7 0
0,0
69 
0,0
74 
0,0
84
0,0
87 0
27,
6
29,
6
33,
6
35,
1
0,07177
814
0,06803
4557
0,07415
9907
0,08424
9084
0,08695
6522 
08-05-
2007 
11:59
:32 17 
12
10 
0,058
8 
0,088
2 
0,081
9
0,078
4
0,085
8
0,061
8
0,092
6
0,086
3
0,082
8
0,090
2 0
0,0
48 
0,0
51 
0,0
53
0,0
49 0
24,
2 26
27,
1
24,
9
0,04854
3689
0,04751
6199
0,05098
4936
0,05314
0097
0,04878
0488 
                          
0,17716
1036  
0,11895
8626 
 
 
 
Does the accumulation of anthocyanins protect the plant against Photoinhibition? 
44 
50% young mostly red 
Date Time 
No
. 
PA
R F1 F2 F3 F4 Fm'1 Fm'2 Fm'3 Fm'4 
Yie
ld1 
Yie
ld2 
Yie
ld3 
Yie
ld4 
ET
R1 
ET
R2 
ET
R3 
ET
R4 
（Fm'1-
Fm1）/Fm'
1 
（Fm'2-
Fm2）/Fm'
2 
（Fm'3-
Fm3）/Fm'
3 （Fm'4-Fm4）/Fm'4
08-05-
2007 
11:48
:11 1 0 
0,037
3 
0,033
8 
0,029
9
0,054
9
0,175
5
0,161
8
0,140
2
0,263
7
0,7
88
0,7
91
0,7
87
0,7
92 0 0 0 0
0,7874643
87
0,7911001
24
0,7867332
38 0,791808874
08-05-
2007 
11:48
:22 2 4 
0,046
6 
0,043
6 
0,038
7
0,070
6 0,175
0,161
3
0,138
7
0,261
3
0,7
34
0,7
29
0,7
21
0,7
3 1,2 1,2 1,2 1,2
0,7337142
86
0,7296962
18
0,7209805
34 0,729812476
08-05-
2007 
11:48
:32 3 20 
0,061
8 
0,057
4 
0,049
5
0,102
5
0,167
6
0,155
4
0,134
3
0,247
1
0,6
32
0,6
31
0,6
31
0,5
85 5,3 5,3 5,3 4,9
0,6312649
16
0,6306306
31
0,6314221
89 0,585188183
08-05-
2007 
11:48
:42 4 40 
0,068
6 
0,064
2 
0,053
9
0,111
8
0,138
2
0,130
4
0,111
3
0,196
6
0,5
04
0,5
08
0,5
15
0,4
31 8,5 8,5 8,7 7,2
0,5036179
45
0,5076687
12
0,5157232
7 0,431332655
08-05-
2007 
11:48
:52 5 60 
0,062
3 
0,060
3 
0,049
5
0,100
5
0,108
8
0,103
4
0,087
3
0,156
4
0,4
28
0,4
17
0,4
33
0,3
57
10,
8 
10,
5 
10,
9 9
0,4273897
06
0,4168278
53
0,4329896
91 0,35741688
08-05-
2007 
11:49
:02 6 80 
0,056
4 
0,055
4 
0,045
1
0,089
7
0,089
7
0,086
3
0,071
6
0,133
8
0,3
72
0,3
58 0
0,3
3
12,
5 12 0
11,
1
0,3712374
58
0,3580533
02
0,3701117
32 0,329596413
08-05-
2007 
11:49
:12 7 
10
0 
0,052
5 
0,052
5 
0,042
6
0,085
3
0,079
4
0,076
5
0,063
7
0,121
1
0,3
4 0 0
0,2
96
14,
3 0 0
12,
4
0,3387909
32
0,3137254
9
0,3312401
88 0,295623452
08-05-
2007 
11:49
:22 8 
13
5 
0,050
5 0,05 
0,040
2
0,083
8 0,073
0,071
1
0,057
8
0,114
2 0 0 0
0,2
66 0 0 0
15,
1
0,3082191
78
0,2967651
2
0,3044982
7 0,26619965
08-05-
2007 
11:49
:32 9 
17
5 0,05 
0,049
5 
0,040
2
0,084
8
0,070
1
0,068
6
0,054
4
0,111
8 0 0 0
0,2
41 0 0 0
17,
7
0,2867332
38
0,2784256
56
0,2610294
12 0,241502683
08-05-
2007 
11:49
:43 10 
22
5 0,051 
0,050
5 
0,040
2
0,087
7
0,068
6
0,067
6
0,052
5
0,111
8 0 0 0
0,2
15 0 0 0
20,
3
0,2565597
67
0,2529585
8
0,2342857
14 0,215563506
08-05-
2007 
11:49
:53 11 
29
0 0,052 0,052 
0,040
7
0,091
7
0,067
2
0,066
7
0,051
5
0,112
7 0 0 0
0,1
87 0 0 0
22,
8
0,2261904
76
0,2203898
05
0,2097087
38 0,186335404
08-05-
2007 
11:50
:03 12 
36
5 
0,053
9 
0,053
9 
0,042
2
0,096
6
0,066
7
0,066
7
0,051
5
0,114
2 0 0 0
0,1
55 0 0 0
23,
7
0,1919040
48
0,1919040
48
0,1805825
24 0,154115587
08-05-
2007 
11:50
:13 13 
46
0 
0,056
4 
0,056
4 
0,043
1
0,101
5
0,066
2
0,066
2
0,050
5
0,116
2 0 0 0
0,1
27 0 0 0
24,
5
0,1480362
54
0,1480362
54
0,1465346
53 0,126506024
08-05-
2007 
11:50
:23 14 
58
5 
0,057
4 
0,058
3 
0,043
6
0,105
4
0,066
7
0,066
7
0,050
5
0,117
6 0 0 0
0,1
04 0 0 0
25,
6
0,1394302
85
0,1259370
31
0,1366336
63 0,103741497
08-05-
2007 
11:50
:33 15 
74
5 
0,059
8 
0,060
8 
0,045
6
0,109
8
0,066
7
0,067
6
0,050
5
0,120
1 0 0 0
0,0
86 0 0 0
26,
8
0,1034482
76
0,1005917
16
0,0970297
03 0,085761865
08-05-
2007 
11:50
:43 16 
95
5 
0,062
3 
0,063
2 
0,047
1
0,114
7
0,067
6
0,068
1
0,050
5
0,122
5 0 0 0
0,0
64 0 0 0
25,
7
0,0784023
67
0,0719530
1
0,0673267
33 0,063673469
08-05-
2007 
11:50
:53 17 
12
10 
0,064
7 
0,065
7 
0,048
5
0,118
6
0,067
6
0,068
6 0,051
0,123
5 0 0 0
0,0
4 0 0 0
20,
2
0,0428994
08
0,0422740
52
0,0490196
08 0,039676113
                      
0,3766113
08 0,085761865
 
9.2.3 Raw data from colorimeter / spectrophotometer 
 
 Date 4,16    
      
  550nm 700nm 
10,1 old green 18,6 15,8 21,2 16,95 
  old half green 18,1 15,6 22,4 18,3 
  old half red 10,16 7,62 23,92 19,72 
  young half green 17,17 14,66 27,02 22,85 
  yong half red 8,92 6,04 27,36 22,82 
            
10,2 old green 15,81 12,75 21,86 17,27 
  old half green 22,7 19,67 27,07 22,59 
  old half red 10,25 7,12 26,86 22,12 
  young half green 8,36 14,72 26,79 21,49 
  yong half red 10,37 7,09 25,92 21,05 
      
50,1 old green 20,37 17,86 24,12 20,47 
  old half green 16,83 14,48 22,29 18,84 
  old half red 7,61 5,31 21,87 18,51 
  young half green 16,29 13,26 24,81 19,91 
  yong half red 10,37 8,3 22,37 19,91 
            
50,2 old green 17,41 14,36 22,31 17,56 
  old half green 16,68 14,05 21,32 17,03 
  old half red 9,57 6,79 21,85 17,39 
  young half green 16,43 13,74 23,93 19,71 
  yong half red 8,52 6,09 22,06 18,18 
      
100,1 old green 18,69 16,61 21,29 18,85 
  old half green 13,37 11,17 16,89 13,55 
  old half red 9,49 7,58 17,45 14,59 
  young half green 16,46 14,17 19,96 16,56 
  yong half red 10,96 8,76 21,7 18,59 
            
100,2 old green 18,69 16,61 21,29 18,85 
  old half green 15,38 13,32 19,91 16,98 
  old half red 9,04 6,99 23,27 20,21 
  young half green 17,38 14,94 24,09 20,61 
  yong half red 13,13 10,87 21,93 18,82 
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Average values from the table above 
  550 nm 700 nm ARI 
10% old green 15,74 19,32 0,011773 
  old half green 19,0175 22,59 0,008316 
  old half red 8,7875 24,79 0,073459 
  young half green 13,7275 24,5375 0,032093 
  yong half red 8,105 24,2875 0,082207 
          
50% old green 17,5 21,115 0,009783 
  old half green 15,51 22,6975 0,020417 
  old half red 7,32 19,905 0,086373 
  young half green 14,93 22,09 0,02171 
  young half red 8,32 20,63 0,071719 
          
100% old green 17,65 20,07 0,006832 
  old half green 13,31 16,8325 0,015723 
  old half red 8,275 18,88 0,06788 
  young half green 15,7375 20,305 0,014294 
  yong half red 10,93 20,26 0,042133 
 
 
 
Average values from the table below 
  550 nm 700 nm ARI 
10% old green 11,6625 14,445 0,016517 
  old half green 10,1325 13,795 0,026202 
  old half red 5,845 14,35 0,1014 
  young half green 9,225 14,15 0,03773 
  yong half red 5,6525 15,165 0,110972 
          
50% old green 12,3675 13,705 0,007891 
  old half green 11,0275 13,7725 0,018074 
  old half red 6,38 13,9125 0,084862 
  young half green 11,0275 13,7725 0,018074 
  young half red 7,0075 13,88 0,070658 
          
100% old green 10,9775 13,14 0,014992 
  old half green 12,3625 15,61 0,016828 
  old half red 6,37 15,995 0,094466 
  young half green 11,59 18,115 0,031078 
  yong half red 5,2825 18,4525 0,135111 
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 Date 5,07    
      
  550nm 700nm 
10,1 old green 13,37 10,84 17,09 12,31 
  old half green 14,13 10,45 18,01 11,27 
  old half red 7,99 4,54 18,43 12,06 
  young half green 10,4 8,05 16,46 11,84 
  yong half red 6,97 4,87 16,02 11,51 
            
10,2 old green 12,3 10,14 16,26 12,12 
  old half green 9,19 6,76 15,22 10,68 
  old half red 6,56 4,29 15,66 11,25 
  young half green 10,4 8,05 16,46 11,84 
  yong half red 6,46 4,31 18,58 14,55 
      
50,1 old green 12,61 10,39 14,63 11,03 
  old half green 13,69 11,87 16,72 13,06 
  old half red 6,63 4,6 14,73 11,04 
  young half green 13,69 11,87 16,72 13,06 
  yong half red 6,94 4,88 15,14 11,45 
            
50,2 old green 14,64 11,83 17,05 12,11 
  old half green 10,7 7,85 15,15 10,16 
  old half red 8,31 5,98 17,12 12,76 
  young half green 10,7 7,85 15,15 10,16 
  yong half red 9,05 7,16 16,2 12,73 
      
100,1 old green 12,05 10,7 15,02 12,61 
  old half green 13,77 12,39 18,24 15,85 
  old half red 6,5 5,35 19,15 16,73 
  young half green 12,18 11 19,83 16,4 
  yong half red 6,15 4,59 24,94 21,92 
            
100,2 old green 11,53 9,63 14,15 10,78 
  old half green 12,86 10,43 16,08 12,27 
  old half red 7,88 5,75 15,96 12,14 
  young half green 12,18 11 19,83 16,4 
  yong half red 5,92 4,47 14,83 12,12 
 
 
